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PEiEFACE 


The cultivation of tea within the British Empire was begun 
about the year 1836, and there are now more than a million 
acres in India and Ceylon under that product. Originating, 
as it did, at a time when the application of science to agri- 
culture was almost unknown, and when many of our modern 
agricultural sciences had not been conceived, it has survived 
the ills and errors of a,n unguided youth, and has attained 
a mature age, without ever having been cornpelled to enquire 
seriously into the foundations of its existence and the perils 
of a future state, except in so far as its prospects were 
temporarily obscured by over - production. Consequently, 
the literature relating to the cultivation of tea is not 
exhaustive, and, a fortiori, that on the diseases of the tea 
bush is still more incomplete. 

As a matter of fact, the tea bush is a very hardy plant, 
and it has not hitherto suffered exceptionally from any 
disease. At the outset, bushes were doubtless killed in 
large numbers, as sometimes happens at*^ the present day, 
by the root diseases which are often prevalent in new 
clearings ; but, in that era, “poisonous roots,” “ slab rock,” 
“ wet feet,” and “ environmental conditions ” were considered 
a sufidcient explanation of their demise, — labour-saving views 
to which some, mistaking the particular for the* general, 
would have us return. 

Watt and Mann, in their summary of the diseases of 
the tea bush published in 1903, were able to describe only 
a dozen diseases, though they stated that diseases appeared 
to be growing in number and in virulence every season. 
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In the present work, some sixty diseases are enumerated, — 
a large increase, but not an alarming one when it is remembered 
that the investigation of the diseases of tea on the spot 
has been almost entirely subsequent to the pubhcation of 
Watt and Mann’s book, and that part of the apparent 
increase is due to the closer investigation of the old diseases 
and the consequent recognition of different diseases which 
were formerly grouped together under one name. 

The conditions under which tea is usually grown do not 
unduly favour disease. As it is kept pruned down, the bushes 
are not subject to a permanently high humidity, while the 
periodic pruning, though it may, on occasion, induce con- 
sequences which are undesirable from the point of view of 
plant pathology, affords an opportunity of getting rid of 
various diseases. The systematic manuring which is now 
generally practised also assists in keeping disease in check. 

Nevertheless, opirdons axe not lacking that, as the tea 
bush grows older, diseases are becoming more prevalent ; 
and at the suggestion of several correspondents, the present 
work has been written, in order that the planter may recognise 
the diseases which have been recorded, and may take steps 
to control them when they appear or to lessen the probability 
of their occurrence. 

A preliminary chapter on fungi in general has been 
included, by request, in order to furnish explanations of 
the technical terms employed in the descriptions of diseases. 
It is to be regarded as a running glossary, not as a complete 
account of the classification of fungi. The arrangement 
adopted is merely that which promised to be most intelligible 
to the layman, and is not intended to express any views on 
the evolution of fungi. 
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CHAPTEE I 


THE CLASSIFICATION OF FUNGI 

Fungi are plants wkicli differ from flowering plants, ferns, 
mosses, and algae, in that they do not possess the green 
colouring matter known as chlorophyll. In consequence, 
they are unable to build up their food from the carbon 
dioxide of the air, and must obtain it from other plants or 
from animals. Some fungi grow on, or in, and obtain their 
food from, living plants ; these are known as ^parasitic 
fungi. Others grow and feed on dead plants, fallen timber, 
or other vegetable debris, and are known as saprophytic 
fungi. This division is not a rigid one. Some fungi are 
always parasitic, others are always saprophytic. But there 
are very many fungi which, though, as a rie, saprophytic, 
can under certain circumstances become parasitic ; these 
are classed as faauUative parasites. Many of the fungi which 
cause disease on tropical plantations belong to this last- 
named class ; after beginning hfe saprOphytically on dead 
stumps or fallen timber, they attack the cultivated plants. 
The plant on which a fungus grows is said to be its host , — 
a somewhaf illogical extension of the customary meaning 
of that term. 

As in the flowering plants, a fungus consists of a vegetative 
part {i.e. a part devoted to the acquisition of food) and a 
reproductive part. The vegetative part consists of veiy 
fine filaments or threads which are known as hyphae. A 
hyplia (Greek, hyphe, a web) is a hollow cyhndrical tube, 
containing protoplasm, and divided at intervals by cross 
partitions, septa (Latin, septum, a wall). The average 
diameter of a fungus hypha is about one five-thousandhh 

1 B 


DISEASES OF THE TEA BUSH 


2 

part of an incli.' A li}^]ia one tAvo-thousandtl pa.i 
an ineli in diameter would be very large, while one 
thousandth part of an inch, in diameter would be 
digious. It will he evident, therefore, that, in gen 
single hyphae are invisible to the naked eye. It is 
when they are aggregated into sheets or strands that 
become visible without a microscope. A collectio3 
hyphae belonging to one individual fungus, whether run 
separately or united into strands, is known as the 7 nyce 



(G., mykes, a fungus) of the fungus (Fig. 1). The myce 
is the vegetative part of a fungus. 

Hyphae may vary in colour, but their simple strxL« 
does not permit of much variation in shape. Conseque 
it is not possible, in general, to identify a fungus by ir 
of its hyphae only. In some groups the hyphae ex: 
pecuhar characters which allow them to be classifie 
belonging to particular families, as, for example, the svel 
on the hyphae of RoseUima (Fig. 1), and the clamp coi 
tions of the Basidiomyceiae (Fig. 1), but these distinom'?: 
features do not differentiate between species. On the * 
hand, the a^egate of hyphae belonging to a furig 

1 Tbe unit of mieroscopi^bl mmsaremeat is tte one-tbousaadtli part of s 
llubt is, about oaa part of aa inch.. Tbis is e 

aad is deaotod by tbe Uroek letter mu (a). Tims tke awjage diaiaefc 
fomg ns bijpbta is al)oitb S ja. 
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its mycelium — ^may assume forms which, are pectxliar to 
the species, and so enable a mycologist to identify a diBcase 
Avhen the fructihcation is not present. 

The mycehum of a fungus permeates the part of the 
plant or the substance on which it is feeding, its hyphac 
penetrating into the tissues and gradually consuming tliein. 
In some instances, especially in the case of saprophytic 
species, masses of mycelium in strands or sheets are also 
produced externally over the rotting wood or decaying 
leaves, or in the soil. In 
other cases the mycelium 
is entirely confined within 
Che decaying tissues, and 
only approaches the sur- 
face in order to produce 
its fructification. The lat- 
ter is especially the case 
with strictly parasitic 
fungi which attack leaves, 
tliough even among these 
the mildews form a white 
external mycelium. 

In some species of 
fungi the external my- 
o elium forms definite 
cords, enclosed in a tough rind or cortex. Such cords 
are called rhizomorphs (G., rhiza, a root ; morphe, shape). 
The rhizomorphs of the Honey Mushroom resemble bhuh 
leather boot-laces. Again, some species form closely com- 
pacted balls of hyphae, with thickened walls, enclosed in, 
a black or brown cortex, which become free from the rest 
of the mycelium. These balls are known as sclerotia (G., 
s/cleros, hard). The sclerotia foxmd in the rice plant are 
about the size of a pin’s head or less, while the black sclerotia 
found in white ants’ nests may be as large as a hen’s egg. 
These sclerotia are specialised parts of the mycelium •whicdi 
enable it to survive a period of drought. When placed in 
a damp situation they develop either a new mycelium or 
the fructification of the fungus. 



Fig. 2 . — Scleroiium (Mylitla) ligulaiuni, x | ; 
found on up-country tea estates ia Ceylon. 
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IJKI'HoJ'I* ‘ llox 

Fungi do not prodin-o M‘od>. 'rio-y .nv inu|.aLMif.i l,v 
spores. The seed of a floworing plain i> a liitdilv .u^MtiiM-d 
structure, generally difTcrenUatfij iiiii. xM-d .na!'., ^ai-diin*.- 
leaves, and a rudilU(‘ntilI■^■ ••'liool and A fungus , 

on the otJier hand, is merely a sjtlieriral, laal, or I'hiiigaii’d 
case, with a tliin wa,ll, tilled uitli pniinplaHid. h (uay In* 
divided up l>y cross part il ions (.■*e]tla), which proliahlv mtvc 
to hoep the wall rigid, i>ni ii does not e.shii'it am ditfeo'ns ia 
tion cornparahle to that o{ a seed. \\ Im'Ii a spore iia'ots 
with favourable conditions it genniiialcs by growing .ml a 
hypha which develo])S into a inycelium. 



FlCI. *A . — FomiH <»f HporcH. I, - faui ; i 'xJJ.flHlfii-h'.fin f flKir. 

tho lowor HjHtn* , mm ^ I, « TX’.?- 

hrotnae., x 4CM) ; Mitfrtti^htnn^s ih»ririth$, -im , 

7, Mdcrasponum commun(\ Tdm ; h, r ■ ’’Mm. 

Fungus spores are, in ginierid, very miinile. Spores of 
the common moulds wliit-li develop on {.ools. etc,, are about 
4 ft in diameter. Hpores <»f ngarhs (toadstools) av.-rage 
about 8 ft. But some .npores are up to ItMt long, Tlie\ 
are usually produced in large ntnuberH, and in the rase of 
some fungi they form masMeH of white, or iirowti, or bla. !i 
powder. As a rule they are readily disperserl by the ititnd. 
washed away by rain, or eonveyed froto pla.'e to plan* 
adhering to insects, sinirualH, ete. 

Fungi are classified aeeortling !«> the nuniner in wliirh 
the spores are produetfl, and the shape ami c-ohinr of the 
spores. 
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Hyphomycetae 

In tile simplest form of reproduction a li3rplia bears a 
branch, from which spores are budded off at the apex or 
along the sides. In general, these branches stand erect. 
In some species a single spore is produced at the apex, and 
after that has fallen the branch grows further and develops 
another ; in other species the spores are produced in 
succession at the apex, so 
that they stand in chains. 

These spores, which are 
borne free, i.e. not in a case 
or receptacle, are known as 
conidia, and the branch 
which bears them is called 
a conidiophore (G., Jconis, 
dust ; phoreo, I carry). If 
the mycelium of the fungus 
is internal, i.e. within a 
leaf, stem, etc., the conidio- 
phores burst through the 
outer tissues of the host 
plant and emerge into the 
air before producing con- 
idia. They often stand 
side by side in large num- 
bers, covering the surface Fkj. 4 . — ^Conidlophores and conidia. 1, 
of the host with a velvety Hehi^lhospmum Heeeae. x^^^^ 

x2oO; Perncilliiirn, x24>0; Asper'^iUus, 

pile. x250. 

Conidiophores may be 

simple, i.e. unbranched, or may bear lateral branches in 
whorls, after the manner of the cotton tree, or may 
divide into branches which again divide until a bushy head 
results. Some are inflated at the apex and bear chains of 
conidia all over the swelling. Though the structure is 
relatively simple, there is a bewildering variety of form, 
all possible methods of branching being represented. 

The fungi of this class constitute what are usually known as 
“ moulds.” They are divided into genera (groups of species), 
according to the shape and mode of branching of the conidio- 
phore and the shape, colour, and arrangement of the conidia. 
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H<hniii(ho!<putiunt lias a simple coiikliophore Avkicli bears 
septate eonidia singly at the apex: some species of Hd- 
miidho.'iponuin are parasitic. Oidium has a simple coiiidio- 
pliore wJiieli bear's an apical cliain of eonidia. In Pen icillium 
tlie conidiophore brandies totvards the apex, tlie brandies 
standing more or less parallel to one another, and producing 
chains of eonidia. In Gerc^sporelh (Fig. 15) the conidio- 
phore branches repeatedly, and each branch bears a long, 
septate eonidium. The conidiophore of Aspen/iUus ter- 
minates in a spherical head which bears chains of eonidia 
all over it, only one row being shown in the figure. Peiii- 
cillium and Asperffillus include the common green and- 



Fill. 5. — 1, Stilbam nanu?}i, x50; 2, Conidiophores and eonidia of Stilbum 

(diagramnmtie), x 350 ; 3, Didymostilbe Coffeae, x50; 4, eonidia of same?, 
X 6(i0 ; 5, head of same, x 500. 


3 'ellow moulds which develop on boots, etc., during wet 
weather. 

In certain forms which belong to this group the individual 
conidiophores, instead of remaining separate, unite to form 
a column, or stalk, and separate again at the apex to produce 
eonidia. Stilbum and Dldymostitbe have a cylindrical stalk 
and a globose head, which is formed by the separated conidio - 
phores and their eonidia. 


Melanconiaceae 

In the foregoing class the conidiophore with its eonidia, 
i.e. the reproductive part of the fungus, projects into tdxe 
air, and is exposed to the vicissitudes of the weather and. 
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3 of insects at all stages of development. Tliiis, 
-liis method of spore formation ensures a rapid 
m of the conidia by wind, etc., it lacks one import- 
viz. the protection of the spores until they are 
?liis is secured in the next class, the Melanconiaceae, 
■wing manner : 

rigus, in general, lives entirely within the host 
Len it is about to produce spores it forms an inter- 
ns of mycelium, a stroma (G., stroma, a mattress), 
"the surface of the host,— for example, beneath the 
a leaf. On the outer side of this stroma short 
:s, basidia (L., basidium, a small pedestal), are 
and at the apex of each basidium a spore, or a 
spores, is 
As the 
at of the 
ivances, 
rmis is 
Tutwards 
mately 
nd the 
ores are 

©d, USU- Fig. 6 . — OoUelotrichum CameUiae, section through an 
acervulus, showing setae and conidia. x 350. 

pustule. 

bificationis called an acervulus (L., acervus, a heap). 

group belongs Gloeosporium. In one species, 
m alborubrum, which is parasitic on Hevea, the 
?ra pink or white masses of spores. When the 
>f a Gloeosporium is surrounded by bristles, or 
ta, a bristle), it becomes a Golletotrichum. Many 
secies of Gloeosporium are merely acervuli of 
'.'m which have not developed setae. In both 
a the spores adhere to one another and form 
'king mass, which probably persists until the 
dispersed by rain or carried away adhering to 
lecies of both genera are responsible for a large 
)lant diseases, including many fruit rots. 

Tup derives its name from one of the earliest 
ra, in which the exposed spores appear as masses 
wder (G., nielas, black ; konis, dust). 



8 


DISEASES OF THE TEA HUSn 


CIIAI'. 



TJicse Hpores arc UHually known as conidia, no special 
term having lanm adopted for them. 

Sl'HAKROPSIDKAK 

This class exhibits a further advance in the method of 
protection of the spores. When the period of fructificaition 
arrives, some of the hyphae of the fungus are interwoven 
and fused together to form a definite hollow structure in 
which the spores are produced. This is most generidly 
pear-shaped (pyriform), or globose with a conical apex. 
The wall of this recepta(;le bears closely packed basidia on 
its inner side, and spores are pnaiuced on these, as in the 
MehwMiacme. The fructification differs from that of the 
latter group in that the basidia and spores are jjroduccd in 
a closed receptacle, whereas in the Mehmotmmm they are 
produced on an indefinite stroma, which is coveretl by the 
tissues of the host. 


This fructification is known as a fyenidiiim {(*., pjkms, 
compact), and its spores should l)e called pycnospores. 
The wall of the pycniaium may be black or brightly tioloured, 
yellow, red, etc. The apex of the pycnidium is usually 
perforated by a small pore when mature, and the apical 
part is called the ostiolum (L., outturn, a door). The spores 
when ripe are extruded through the ostiolum. 

When tJie mycelium of a fungus is wholly internal its 
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the pycnidia are (li.slinct tiai Hpeeiiw i.*» /hfthifiiti, Uiit d 
they are united into a Hiroina if 1 «*c«>um‘m llt>frifti*hph>tlin. 
Here, again, the diatinetion ia an ar !»itrary «me, i»a I lie aiiiiu* 
fungus may occur in both forms, as is the chsi* wilh /fo/ryo 
diphdia Theohrotme, wfiii'fi causes root diseusi' in lea and 
Die-back in ridiber. Mocroplumm tficimh also fadongs !«» 
this class ; it has the same sirticf ure as a but 

its spores are much larger 
(Fig. 7). 

Pestahzzia pdlmirmi, 
another member of either 
this group or the MeUin- 
coniaceae, differs from the 
foregoing in the shape of 
its spores. These are 
spindle - shaped, with a 
short stalk at the basal 
end and three filaments, 

or setae, at the apex ; they >•.«, 7 . ,*«„.« 

are divided by four er<mi4 - imi 

walls and are consequently 

five-celled, the three middle cells being dark colon reil jit«| 
the terminal cells hyaline (Fig. 3). 

Fyeknomvcetak 

In this class of fungi the metluHl of fonniilioii aiwl 

xl ’■ M „ t, * 
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(G., peri, uhout ; l/irke, a caHC, an old term for an aHciis). 
is usually a iiyrifortn or s]di«>ri<-al rocoittacla, t'hiwd cxcu'ii 
tlui apex, wlnue tlie wall is perforated l»y a pore (oslioli; 
Wlien the aseospon*s are mat un^ t he asei either ruptur< 
their aph-es or (leli«juesee, and the spores are (‘xtru 
througli the ostiolmn. 

To this elasH helcjng the munenius species of .Veo^ 
some of which are purjisith-, though many which have I 
regarded as the cause of diseasi* are nu*rely sa{>rophv 
the perithecia are usually Huperii<’ial ami brightly colon 


Ficj. Nmirim ; i 
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PoLYMOHI'IUHM 

In the foregoing Hcctions hnir i-lnmen of furigt. 
entiated by the charHcter of tln^ fru.-tifieninm nmi t!..* inef fmd 
of formation of the K{)ores, fiave; Ijeen bneffy (leHrrtbfti. *» 
first considerations, they apitear lo be cIhshi’s as ilisimii 
birds, and beasts, and fishes, and so Ihev were thotigfii to 
be when mycology was first studied. But if is now unown 
that the 8pe(;ies in these tUfTereni classes do itot tuH-essiirily 
constitute separate entifhw, but that a spei-ies in oiu' 
may be merely a form, or stage, of a species in iifn»tner » laK«. 
This is sometimes found a difticult idea to grasp, because i! 
is so different from everyday exiieriettee based ttn flowering 
plants. If one sows the seeds of a rose, he d»M*s not exjM'« f 
them to produce lilies. But if one sows the sjM»r«^s »»f a 
Nectria, which is a Pyrenotnyeebs it is alniost <•ertnItl that 
the first prodiud. will he a llyphomyi’ete »if some kiml. 

Restricting our view to the four elassws Hlreaily 
mentioned, the PiirenomycHite are reganletl as tlie highest 
type of fructification. Any sfieeies of tliis i-lass. tyj, a 
Nectria, is known as the. jKirfeei stage of that parfiriihir 
fungus. If the ast-ospores of that, fungus are sown in a 
proper medium they may give rise to eonidiojdiores and 
conidia, or acervuli, or pyenidia, ladort? finally reprislm ing 
the perithecia or aseigerous stage. Thes»« earlier forms~— 
Hyfhomycelae, Mdatu-mmimae, and Hphm'mpnalmr — - ure 
known as itnjierfect stages. 

A “ perfect ” fungus inay have one or more *’ imperfei t '* 






is iiHiially iiocessary to ascertain miiler wliai iniicicnt i..!tii,- 
it appciirs, or, in other words, to asceiiaiii t!i<‘ !i!*' histoi', 

of the fungus. , _ . 

“Imperfect” forms of fructification usually piodiirc 

short-lived spores, which serve to propagate a fungus rapidly 
under favourable conditions, 'riu* spores of the peril hecial 
stage, aseosporeu, are geiuu’ully more resistant to desiccation 
and cold, and lienee enable a fungus to survive unfa\oura!.le 
conditions. Consequently, in temperate ebiuiites lonidia 
are often known as summer spores, and a.seospores as w inter 
spores. 

DiSriiMYcKTAK 

Though the classes already deserilied ineludi* a hirge 
proportion of the parasitic furtgi, tliere are several other 
_ fliiwM'S whieli do not fall iiit«» 


must be eonsiti*' 


class resemldes ii cup, Hrune 


mow* iipprojirtateiy 


fio. l%si« 
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in I in* liirgc'.r hjkm-uw bnlongitig tn t liiH claaH. A 
audden aitcndioii in tin* hutnidity («»’ IcinjuTutiiri*) of thn 
Hiirrniinding jiir cmians tin* frindiiit'idion to cjnct itn Hponw 
in ii whitn cloud. This cun he indii<'(‘<l hy httnitliing on 
tin* fnicl iliciilion, c»r somctiines hy incrcly hmnlling it ; 
vvliiic if tin* spccitin'ns arc kcjd for sotrn* time in ii closetl 
receptiicle, they will “ pjdl ” wheti it. is opiuied. 

species of this class have yet been f(»urnl f.o h(^ parasitic 
on tea, rnliher, or (mcionutH, hut a somewhat aberrant gemis, 
Exmm-m, supplies a species, Kj-mm'VH 'I'liatlmmitie, \vhi<‘h is 
parasitic on (‘uc-ao. 

Phycomvcktak 


'I’his i'iiws includes t he genus Phiitophtfiom, winch furtnshes 
some of the niimt serious ftarasifits of t ro|)ical cult i vat ions, 
nnire espeidally td rubber, I’acao, ami c-iwonuts. I n t«unjM*rate 
climat4*H, Phtjtophlhom is c’omrnonly regarth'd as attacking 
plants whi<'h have <!omparatively soft tissues, and one 
species is well known as the cause <»f tin* most destructive 
disease of potatoes ; Init in the tropics 1 liat geniiralisatioii 
tlcKis not Imhl g«»od, ami species of I'hyUtphthom there attack 
stems wliicih have relatively liani tissues. 


The hyphae of a rkiftoimhom ari^ usually stout ami 
have few septa ; thc! luyeelium permeates the tiw»ues of 
the host plant and n .. 

appears as a white 

covering on the ex- ^ '-3 

ferior. This my* 

eeliiiirj gives rise to 3 

hrarndied Hmmttufia- * 

pfmref (.dten .'ailed If L A 

eonid ioph ores), || y J 

which bear a spr/r* Jl ^ * 

HHffMm (ti,, s/ami, .n*,, 

It Miwl ; m anting fh* ‘Hill #1^ 

I'll flti* tHn|*iiitiini Cwiwr'l »ti4 »*f 

j * / I I 

III HiMii ui pkgrnpkkm Mrnm, 

The sporangia are 

usually oval with a prominent papilla at the apex. 
I’liese sporangia fall off, after the tnanner of eonidta, at*d, 
if they fall into water, their cantente divide up info a 


% m iiiiiiitliiiiit fh* ' Hil i #1# 

Mmiih > Kill 

»i 4til* 
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number of small masses of protoplasm, each furiiisherl 
with two slender tJireads or cilia ; these masses <»f pri^fo- 
plasmare known as zoos'ptrrcs. The papilla at the apex t>f 
the sporangium then dissolves or hursts, and t he y.i»oHpor«*s 
emerge and swim about in the water by nieans <»f their 
cilia. After some time they round oft, ae<|uire a eel! wiill. 
and subsequently germinate by growing out a hy|ihii. Tims, 
it is essential, for the regular develoinueut of a Pkijtirphllmm, 
that the sporangia shouhi fall into water. Hcnyever, a mere 
film of water on a leaf or stem is quite wiflieient, anil an 
attack of a Fhylopkthora diwuise may folh*w a sm eession 
of heavy dews. As is well known, attacks of Pliijluphtlutm 
on rubber and (;a(-ao are largely dependent upon weatlier 
conditions. 

It will be noted that a Kporangiiun is a cell %vhieh is 
produced in the same way as a c-onidititn, but in whieh 
tlie contents divide into a numlatr of spores, whieh are 
set free by the rupture of the spomngitint wall. A 
zoospore is a spore whieh is able to move about under its 
own power. 

In some instances, instead of sporangia, splierieal spores 
are produced which cio not fomi zoospores, but preaiiiuably 
germinate by the production of a hy|>ha. These spoit»s are 
known as resting conidia. 

In addition to the methcKl described, Phytmthlbom also 
produces spores by a sexual prcK*eiec, be. by the iitsion of tin* 
contents of two specially different iatwl structures. Hue of 
these, which is known as tlie egg*cell, or (wymimm, is a 
spherical swelling formed like a conidiuni at the apex of a 

Ak.. . .....Si., .f 
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sequentiy genmnates by forming zoospoitM or b> 
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(tther hatul, 8(‘rvo ttt propagjitt* Ihts fungiiH riipidly <lurt »|4 
wet weatiier. 

Iti Phijtophlhom FulttTi .Miiubl., wliieh c-nuneM ranker 
and potl rliHeaHe of rul>her mul rariin, <K>Hp«in*H have nut yet 
been obKorved. In Pki/tophtfnmi Mtwlii Mt'Kai*, wliirh eanxen 
Black Thread and pn<i dweuae nf rnbb«‘r, the hypha which 
bears the oogonium gnnvn through the nntheridhnn, ho that 
the empty antJieridium ia left Hurrounding the Htalk «tf the 
fertilised oospore. 

BA8It>tO.MY<’KTAK 

This clam ineludea tlie plants which an? the inon* generally 
reeognisetl as fungi by the layman, vis?, the large fleshy or 
woody bracket fungi {Polpptrri), and the bi»tfer-known 
toiMlstools aiifl ruushnroms (/Uptrlmcmr). 

The shape of an agaric is typicidly that of the eontrnon 
mushroom. The fnu’tification consists of a cap, »*r pitrm 
(L., pf/cas, a cap), «Hi a <'ent ral stalk. On the under surface 
of the cap, thin vertical plates, known us </?//*, radiate from 
th(< stalk to the margin, 

'I’he gills are coverecl with eylindric^ or elavati* cells, 
eloHi'ly pat'keri together, per|Maidicnlar to the plane of the 
gill and forming a continuons palisade tisstie. Kaeh t»f 
these eells beam four short, projections, on each of which a 
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hence thcHe Kpecien are knnwn as bracket fungi. I fie haver 
surface of the pilous dooH not, in general, boar gills or plates, 
liut is covered with vertical tubes (;iorc«), <-lose-Het side by 
side, so that on looking at the lower stirfact* otu* sees a number 
of holes, varying in size and shape at’cording to the spoj’ics. 
These pores are linerl with a layiir of basirlia similar tt» those 
on the gills of an agaric-. The tissue between t he laycT of 
pores and the upper surface of the pileus is refc'rred to as 
the eonte.xt (Flate ni.). 

Among the genera of the PoljijHtri arc* hmm’H, 

Poltfdktm, iimi fmvwU’H. 'I’luW* grade ititcc one another so 
closely that it is diflieult to dec-ide the litnits of erne h genus. 
Polyjmrm contains fleshy, somewhat soft, specie's, often of 
great size and irregular in shape, wliic-li procluee one layc*r 
of pores and then dtu-ay. In Fonum the pileus produces 
successive, layers of |K*rc‘s on the under surface, so that in 
old examples a seeticm of thc! fungus shows s»‘vc*ral strata 
of pores : in temperate c-limates it is eustotmiry to eonsider 
that om* layer of pores is prcsluc-ed every year. Iml t here is 
no clotdd that, in the tropics, thc*se layers represemt the 
growths during succ-c'ssive pericals of wch weatlier, probably 
of only a few wc'eks’ duration. Whether erne finds sccveral 
pores iayem in FmnfH or not, depends obviously on tlie age 
of the. specirnc'n. Failing their cK'currenc«, the hard feraeket 
fungi arc*, cjlassed us Fmnm. PoltfHlit'tm inc’!uclc*s s|>eei<cs of 
the same general form as Polypftrm and Fmnm, fait usuiilly 
thin and flexible. 
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host plant from the })roje('ti«g pileun. hut rewipiiiati* 
also occur, iinatta<;hed tci any britrk«*t. i it*- 

supinate forms are claBsecl in tlie getiiis fii 

cases they are known to be reHtipiniile foriiiK of iti 

Fofnes, Folypofun^ etc*., but there are iiiiiiiy whic'li iifijiiireiitly 
do not exist in any other than the Porui Uirtn. V\ hen huitt .<i 
lignosm fructifies on the under side of a rnl»lter log. it 
a Poria form, but that is easily reeognis«*d as bring tin* winir 
as the bracket form of that species. On the other hand, 
Poria hypobrunnea (i^Iate III.) and Poria htfiifAottrifiti (I’lnl** 
II.) have been found only in the form of fiat plates, never 


i^ra, 1*,— «|. 

in bracket shape ; consequently, these are regarded a« true 
Porias. 

A common tropical genus of this class haa latge hexagonal 
pores, and has b^n named ttemgmia. One I/er- 

agmia iiscofoda, is common on dead brnnchm ol mbber 
trees. It is nelieved to be mewsly mprophytie. 

In the genus the hymenium is borne on projm^ttng 
teeth on -Mie lower surface of the piieus. Thww t«dh, in 
the commoner tmpical i^iecies, are usually flatteticil from 
side to idde, more or less triangular, and poititid. Dnc 
very wmmon saprc^ytic specie, Irws /forwa, i* yellow, 
thin, but .soniewMt tough, and U8ua% nwupinato with a 
free projecting (dunidlate} e^ ; it ui comiuctn on dwoJ wood, 
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‘load bamboos, etc. Another species, Irpex subvinosus, 
a root disease of Tephrosia Candida and tea ; it is 
Ulixe or purple-blue at first, but fades to ashy or fawn- 
t-oloixred (Fig. 66). 

In many of the Basidiomycetae, the hymenium is a flat 
lt*v©l surface, without gills, pores, or teeth. Such fungi are 
UHiiia-lly resupinate, and grow along the lower surface of logs, 
of branches of hving trees, so that the basidia which form 
t jhymenium point downwards. They appear as thin, 

<*<»loixred patches, white, pink, yellow, etc., on the surface 
of 'fcJb.e host. One genus of this form is C'or^'icmm ; Gorticium 
itfilrrionicolor (Plate II.) is the fungus of Pink Disease, and 
it.|>|;>ears as a thin, pink sheet overlying the bark of tea and 
rn,l>lber. .In another, Hymenochaete, the fructification is 
iJHiially resupinate, though some species are dimidiate ; it 
owes its name to the fact that numerous very minute bristles 
(MCi-fcae) project from the hymenium. 

'il'lie genus Exohasidium includes species which differ 
f'ontxpletely in appearance from those of most of the preceding 
geriera.* They are all strictly parasitic, and usually cause 
swell lings and distortions of the part of the host which is 
at ■fcta,clced. The mycehum lives within the plant tissues, 
and -fche fructifications consist of groups of basidia which 
biii'S’fc through the epidermis of the host and form a powdery 
To this genus belongs Exohasidium vemns (Mg. 18), 
wliiolx causes Blister Blight of tea, the name of the disease 
boing due to the white or red blisters which are produced 
ttri tJae leaves and stems. Exobasidium zeylanicum attacks 
l{/ir>dodendron arboreum in Ceylon, and the affected leaves 
pink or white spherical galls, like small peaches, up 
l(» an. inch or more in diameter. Similarly, Exobasidium 
Gi tvn^'TMmi causes outgrowths resembling stags’ horns on 
cinna.xxion. 

VVTh.en the spores of an agaric or a polyporoid fungus are 
tu#i,t.ixire, they fall down from the hymenium, and are dispersed 
i»v irJb.& wind. The larger Forms produce milhons of spores 
whictix are often deposited as a brown powder on neighbouring 
®tc. In many cases they are also deposited on the 
surface of the pileus, and it is believed that they are 
!ori.’V'©yed to that position by air currents. 



r!tKI»INA«'KAK 

TJifi fungi of thin rliitw, iit in i«n* ;ir«‘ kiiuw u ,t.H 
RuHts. It iH unfortunaU' tliat flii’ tuiiiif liavi- 

been applie<l in the Kastern tri*pi«» t« a diwaw'. Uitl RuhI 
of tea, which in by an aiga, atut l<» fhi* t'ffmt «»i< <*•« 

of an inHftct, Hcarlet Mile All I In* 

species of this class are strictly parasifn-. ami many arc 
responsible f«)r serious flis«‘ases of agrirnjtnral « rtips. r.tf. 
wheat, barley, beans, etc. Ko rust fungus has yet bceti 
found to attack tea, rnl»ber, or ciMiauits, but, oti the other 
hand, the, coffee plantations of Ceylon were rtniie<i liy a 
rust fungus, Umimin tmMrij-. 

A rust fungus lias, in general, three forms, 'fla* first of 
these is known as the netMitim t»r cluster i tip stage ff If., 
oikuUum, a little house). This fakes the form »if ininute 
cups cmbetlded in the leaf or stem. As a rule, the eup has 
a white, recurve*! nutrgin, anti a yellow centre whit'h consists 
of chains <»f s|Kjres arising from tlie base of the «'U|». If 
these spores are st»wii on the prtijmr Inmt, they giv« risi‘ t*> 
anotfier form, the umh (f,., a blight). In tins ftmii 

the mycelium in the host, plant forms a 'W«*ft »>f hyphae 
beneath the epidermis, from which arise simrt stalks Isutrittg 
oval or glolsiwi spores. The epidermis then ruptures and 
exposes tlie masses of sjmres. As the ttreiiosfstres are 
usually brown, the grtrups at spores (I., soros, a heap) 
have the appearance of iron rust hen<*e the eommon name 
of these fttegi. If now the uredospores are s*twn, they may 
produce a thirtl form, in tori like the tirwlo. hiil iiaually 
dark or black, and with spores which vary in shajie aeconltng 
to the genus ; in wimo genem the spores nearly resemhie 
the uredoipore, but in nioitg^nem they are variously s**pfate. 
The spores of this third form are known as ideutmpnrm (ti., 
kkuk, an end). 

When the teleutcs^res mmiinate they tirfslnce a hasiilium 
which Ware minute Mconttaty mittm , ' if the latter infect 
the proper host plant they give nse to a myceliiiin, and the 
cycle anew. 

Any given stage of a rust w, as a rule, eimfinetl to one 
host plant, or to a few elotely related hiwifa. A nist on 
coffee, for example, treuld lie liMy to attai'k tea. There 
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in, Ji(tm‘v«'r, the {M'diliarity that tnany .s|Hu-i<*H <»f nwls 
(change thfir IiokIh ftir dilTaroat Ktaf!;<'H. l1ia claHHical «‘xatnj»l«‘ 
is tJiat of Puadnin fjmminin, a rust- of wheal ; t he aeeidiutii 
stage! of t his spe<u<;8 lives (m the Barberry {Hvrhvrin nih/dnn). 
while the iiredo and t.eleutosf)orei stages oeeur on t lie wheat 
plant. V'ery many eases of this phenotttenon, whieh is 
known ns heteroeeism ((»., helerm, anothtu’ ; (dkoH, hous<*), 
have l>een proved to exist, iti tentjierate cliinateH, but. tropi<’al 
species have not been investigated iti t his n'spttcl.. 



Tb« »l«nti«r w miitw l«i iiirfH’# thip 

oecumiififi of Wf tiinmm thMi in f ha growar ttf iitliar jtbtttA, 
for tJi@ mrf obvioiM i^Mitin that tha ta« htiali in aitUivstadi 
lor tho iak« of it« t«af, Tho taaf i» tha llottae « foif 

diwiyM of not only affadta tha i‘ro|) at imitta fiitttta flat# 
by it* i^reot offarf im tht tiiiiili, hut, il it ttitai h# iha toiing 
W, ifinonedli«t«ty diwatly rwliw^ lha »minint <»f laaf 
whiah Oft b« tttllM f«r fJwi mamihurtoiw of i#«. Tha Ihit 
fil Imf diMMMi of IN^, now that tha aaan'h •tight of local 
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Blight of Northern India, it <'annot be said tiiat any of flicm 
Ls of a character serious taujugji to arouse getuu’al alarm. 

'I'iie methods which liavt^ berai proposi*d for the control 
of leaf diseases of tea are - 

(1 ) Plucking and burning diseased leaves. 

(2) Manuring and general cultivatif)n. 

(3) Spraying. 

'I’he first of tJhese methcals is perhaps the only diwad. 
method applicable to a cultivation m whu-h regular periodic: 
spraying with fungicides is cjonsidered either impracticable 
or impolituj ; and it has Imm the more readily recomtnetidcfd 
in the case of leaf diseases of tea because} plucking is already 
in vogue as the only way of obtaining the c:rop. It has been 
(mrried out where small areas have been badly attacked, and 
in nurseries, but it has seldom been adopted on a larj^c* scale, 
and no estimates of the t;ost are available. If. is mcmf 
obviously to be r<}c:ommended when the bushes are attacked 
soon after pruning. 

('arrnthem, in lh(K), made some smalbscuile ex|a*riments 
on this point in Coylon, on an estate at an elevation of 

<■ ^ “ f"* .. C5_.* .......it... 
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and thiH blighted Imf wan pni<l fnr at (ha mum* nr* lha 
leaf for tiLaiuifatdure, and it couhl th«*n be luiiiii. Ilv u 
somewhat similar metiiod an (^pidemia attai’k was h»j» i ass 
fully dealt with on another garden in Dihrugaili rerenilv." 
These authors state, with regard to <!rey Blight : “ I'Ih- only 
need is Bystematie and thorougli retnovn! t»f fin* blighted 
leaves in the spring and burning them. If this i« left til! tin- 
bushes become seriously affected in the middle r»f the season, 
more drastic measures may have to be adttpfed if anything 
is to be done at all.” 

Anatead and McRae have reconled that , in «»tie iiwtam e. 
in dealing with an outbreak of Brown Blight , 17,*2tM> lb. of 
diseased leaves were (‘ollectetl and burnt from an area «»f 
twenty acres in three pickings, while over the whole estate 
40,122 lb. of diseased leaves were brotighi in ami lairnt 
during the course of the year. Cush payrnenta were made 
per given weight of leaf collected, and the w-ork whs th»iie by 
special coolies, not by "the pluckers. 

The opinion strongly held in Ceylon that the eotninon 
leaf diseases of tea arele^ prevalent where balanced manurttig 
and cultivation are systematically carried out is InummI rwi 
the planting experience of the last twenty years, ami a|i|>eHrs 
to be well founded. Towards the close of the last century 
leaf diseases of tea were of genera! occurrence, and m» tnttch 
in evidence as to cause considerable alarm, but, at the 
present day, though there is always some Orey Blight and 
Brown Blight to lie found on a tea estate, the damage done 
is in the majority of cases negligible. The perioti is tot* 
long to permit tne su^^tion that the difference in the 
intensity of leaf disease is to be attribute to varying 
weather conditions, and tiiews does not appear to la* any 
escape from the explanation that the diminution of disease 
tim been brought about by the extensive, pnudically uni- 
versal, adt^tion of raanurii^ and cultivation during the last 
twenty years. No experimental data on the iiiHuciice of 
differaut manure in preventing the attack of leaf diseasr*, 
or in minimisiri^ their effect, can given, as the only 
differential manurial e^riments now in prognwa in f Vylon 
are carried out on tea of different jats. It may, howiver, be 
nnfced that the earUer manuring, ante IflOO, <»niiiil^ prin- 
tapaUy of forcing the bushes by nitrogenous nmiuires, aiitl 
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the records would appear to show that this favoured the 
developruent of leaf diseases. lu Japan, it is stated, Grey 
Blight is made worse by nitrogenous manuring. 

In India, experience would seem to indicate that the 
commoner leaf and stem diseases can be controlled by 
adequate manuring. The publications of the Indian Tea 
Association state that Brown Blight, Grey Blight, Die-back, 
and Red Rust may be directly traced to deficiencies in the 
soil, and that Die-back and Brown Bhght are diseases of 
weak plants. 

Spraying tea for leaf disease has been frequently advo- 
cated but has not been widely adopted. Indeed, it might 
perhaps be said that except in the case of disease in nurseries, 
and in the treatment of Bhster Bhght in India, spraying is 
unknown, and reliance is generally placed on the methods 
already described. It must be admitted that, on the average 
tea estate in Ceylon, there are many obstacles in the way of 
spraying, not the least of which is the difficulty of securing 
an adequate supply of water without an excessive expenditure 
of labour. And it is practically impossible to spray effectively 
unpruned tea planted 4 feet by 4 feet. 

A further objection to the general adoption of spraying 
for diseases of tea in any country is based on the fear that 
the fact may be utilised by its competitors in the world’s 
markets to its detriment. The most effective fungicidal 
sprays are those which contain copper in some form, and if 
such sprays are used there is a possibility that the manu- 
factured tea might be thought to contain copper to an 
amount which would be prejudicial to the health of the 
consumer. This question has been investigated in India by 
Annett and Kar, with the following result : 

A certain area of an estate was sprayed with Bordeaux 
nDiixture. Nine days later the tea was plucked, and 80 
lb. of made tea was manufactured from the sprayed leaf. 
An equal quantity was taken for comparison from the tea 
made from the leaf plucked on an unsprayed area. On 
analysis the tea from the sprayed area was found to contam 
half a grain of copper per lb., while that from the unsprayed 
area contained one-twelfth of a grain of copper per lb. A 
sample of tea bought on the open market was found to con- 
tain one-eighth of a grain of copper per lb. As an additional 



test, eight tciuspoonfuls <»f Kbrnycui li‘» were infill'd as in 
the ordinary houHeJadd iiictliod of making li'u, fin* lota! 
amount of liquid Ixung (M[U!iI to the coiilenlx of eiglti htouk 
fast cups. TJie whole of this volatile eonfaiiied only -niMei 
grams of copper, an inappreciable amount. I'nsprayed li'a 
infused in tliis manner did not slmvv any i-oppi'r. The 
amount of copper found in sprayed tmi is thendore not 
likely to cause any injury t^i the consumer. As flu* autlmrs 
quoted point out, oniinary fotsls usually I'ontain small qmm 
tities of copper, whiidi in the case of cts’oa may be nearly a 
quarter of a grain per lb. 

It is, however, in dealing with pruned tea that spray tng 
is likely to he most eileedive, and in such ca.ses there is no 
danger of any (topper being pntsent iti the maniifactunsl 
article. For stem diseases, such us Fink Diseiise, or stem 
and leaf diseases, such as Black Hot and lied Itust, spraying 
with Bordeaux mixture is a netjcssity, hut it should iw* iloiie 


filaments on the stem. Some of the common ll•af diseaiu^s 


after serious outbreaks of leaf disoufM*, the husbtts should 


quite within the bounds of probability 


light in particular, and that of Brown Bliglit to a 
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ravels thence to the leaf, as in the Thread Blights. The 
Livision, however, is not a rigid one, as both Grey Blight 
-nd Brown Blight, which are generally regarded as leaf 
Liseases, often attack the stem. 

Geey Blioht 
{Pestalozzia Theae Sawada) 

This disease has been known to exist on tea in Northern 
-iidia since about 1872, but it was not until 1898 that the 
jause of it was determined. In that year Dr. Watt sent 
specimens to Kew, where Massee found that the fungus 
■©sponsible for the injury was a species of Pestalozzia. As 
vas only to be expected, the occurrence of a leaf disease 
>11 the Indian tea estates occasioned great alarm, and Dr. 
^att wrote : “I regard the Grey Blight as very alarming, a 
disease that if not checked may easily reduce the productive- 
xess of gardens by 50 per cent. It might, in fact, convert 
Assam from the prosperous province the planters have made 
■fc to one of extreme distress.” Fortunately, the disease has 
lot proved so serious as was anticipated, though under cer- 
tain conditions it can cause much damage. In considering 
}liese earher reports it has to be remembered that they deal 
Tvdth the first occurrence of leaf disease on tea, and, in all 
irobabihty, they relate not to Grey Bhght only, but to a 
lumber of leaf diseases grouped together under one name. 

The characteristic spot of Grey Bhght (Plate I., Pig. 1) 
s irregularly circular or oval, and varies in size from a 
iiameter of one centimetre to almost the entire breadth of 
-Jlie leaf. It may be situated in the middle of the leaf, or 
extend inwards from the tip or .from the margin. The 
ipper surface is concentrically zoned with pale and dark 
Drown, or with pale brown and grey, and is frequently 
joncentrically ridged with slightly elevated ridges. It is 
iovered with minute black points, the fructifications of 
jlcte fungus, which are also arranged more or less in 
joncentric circles. The spot is at first surrounded by a 
larrow greenish - yellow zone, or sometimes by a narrow 
purple zone. On the under surface the spot is greyish brown, 
!^ess evidently zoned, or not zoned at all. When old the 
patch becomes grey or greyish white, hence the name Grey 
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Biiglit, but tliiH ii})|)eanui<-i* may <»c<-iir in wvcTal olJu-r linil 
diseases and is not confined to that caused l»y 
The very young, small spots are at first yellow or gf’eeni>}i 
yellow another feature which is shared by other diseasi’s. 

Though the spot as described alaive enal»h*s the ohw>rver 
to classify his distuise, as (Jrey Blight wit luuit any posKibilif> 
of a mistake, very many cases occur in which this charaefei 
istic spot is not produced. 'Fhe afTectiHl hnives may Itear 
spots which are uniformly coloured red-hrt»wM at first, and 
grey or white when old, without any triiee of K<»nHtitm. and 
the black fructifications of the fungus tnay he scattered 
irregularly over the surface of the spot. In such eiwes *»nly 
a micro8copi(!al (ixamination of the 8|K»re8 can deeifl<* whet her 
the disease is (Jrey Blight or not. 

In its most general mode of ot'cnirnuu’e, (Jrey Blight 
attacks the older leaves of the tea plant, iiiicl, as the Inwh. 
as a rule, is not defoliated by it, the <lamiige w’liich it causes 


injury to the 
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liii'.st* hljickened, niggiul urt'an l)or<If*.re<l by a nornially-KoiKal 
(in*y Blight Hjait, tii(( forraar having baen producacl vvluni 
tha lanf wan (juifa young an<l the noniial K]»ot aa it gravv 
ohlar. 

'I’hc^ (Jray Bliglit flUigUH run grow on othar pariH of tha 
plant baaidi'a tha lanf. It can oaaiir on woody atattw, aiul 
in oftan <-onunon on tha young HtaniH of badly afTaa.Bal 
bushas. It Hottiaf iriiaa attaakH tha anda of tha, pluakad 
Hhoota and kills tliam back for a short. distana<% and tha 
rapj'tition of this proaass has haan known to rasidt in tha 
product ion <»f a brush c»f daad shofds at tha ands of t ha young 
t)ranalH*s. B<‘rna«l has suggewtad tliat. whan tfia slioots ara 
killad back in tliis manner, tha spores of tha fungus hav«‘ 
baan transfarrad to tha sho(»t by tita plu<’k(‘r. 'I'ha fungus, 
as far as is known, does not travel from tha laaf tti t iia starn 
in tha, tisHuas of thi; plant. Ka<’h laaf s|>ot and each Kt4nn 
spot is tha result of a separata inf<‘cl ion l»y spores. 

Tha mycalium of tha fungus fives antiraly withiti tfu^ 
h(»Ht plant, the only outwardly visible part of tha fungus 
being the masses of sp<»ras. If tha minute black points on 
tha alfactad leaves ara axarninad with a Ians, they will appear 
as project ions o|)4*n iit tha top, with a whitish margin round 
tha opening. 'I’ha spores are prcKlucad iti mussels Iwnaath 
the api<larmis of the laaf, which ruptures whan iliay are 

j A:*, ... j,i I, . I.. , I. 
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i.e. that it vvoiihi grow man* hixuriaiitlv «>n iifa«! than »>ii 
living material ; ami thin in l»orm> <mt Ity Ifn c»c-c tn rotin- in i In- 
field. It dcvelojw rajtidly on dead hram lieH and h'ii\ t>,‘< of t i-a ; 
and the leaf spota eaum*d by otJn-r fungi, r.r/, Ifritu n Hiiglil. 
are frequently attacked by Pexlalmzm. If lienllby loavi-j, id 
tea are gatliered and {)la<>ed in a cloned glann dinb. they arc 
fairly certain to develop PcHtnUnzm m they decay. TbiH 
illustrates the ubiquity of the spores of the un 

well as its ability to grow on tlead or dying li.-^snes. If 
Pestahzzia is ever considered a s«*rimts tlisenm* of tea. it will 
bo absolutely necessary to remove all primings from !h«* 
field, and preferably to burn them. At Tockiiii (India) it 
has been found that Pimtalozzm spores are present in the air 


which attacks tea. 

The occurrence of (irey Wight in Imliii has already Imen 
referred to. In (Joylon it appears to have hei»n noted in 
1882 , but the firet mention of it as tirey Blight in that 


when first discovered, it is not now eonsiderei 


sm adopted <*rey Blight 
he same eonelusion liua 
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Brown Bliort 

{Collt-/(drkhufH (Ja )ii(‘Uin(' M h-hkiu*) 

Brown Blight whh finst <liKc<tv<Tc*(l in {'<*ylon itt 
Specimetm of tho (ii.s(‘,Hs<‘<{ loaves wori^ forwunlod to Kow 
and oxamined tlioro l>y Muhhoo, who <iesfril«‘d the fnngiis 
as (hUetidrichitm (kitnt'liirir. 'i'iio disoasc^ was said to resionbh' 
tlroy Bliglit, but, to Im charaeterisod by the «*h<H’t»late-brown 
colour of the fully dev<»Ioped spots. 

'I’ho spots t»f Brown Blight are at first yollovvish green 
ami somewhat diffuse. As they increase in size they beeonu? 
red-brown or <lark brown, with a yt^llow-green margin. 
They arc usually not zoned, but may be niotthul blackish 
here and there (Plate I., Fig, ‘2). When old, the upper 
surface becomes grey as in (trey Blight, and this change 
often occurs irregidarly over tlie diseased area, so that the 
spot in an intermediate stage is a mixtur«‘ of irregular 
patches of grey and red-brt>wn. The fructifications oc<mr 
as minute Idack points sfadterefl over the sp<i(, often with 
a tendem-y to group themselves along the veitis. Bntwn 
Blight spots frequently spwuwl inwards from the margin of 
the leaf, and form a s(uni-<ival pat«*h oxftmtiing along tlie 
whole of mw side and acrctss the leaf to tlte midrib. In the 
original descrifdion, the diseased area was said to fall oi 
on shaking, leaving a liole in the leaf. 'Fins does not sj»e 
to l»o of general meurremte, but Brown Blight spots « 
appear t4> break up more remlilv than those of (Irey Bligh 
liaggerl broken jpat^^hes, exten<ling from the margin of ti 
leaf, and eonsistmg of phsres of dead leaf tissue attaelieii i 
the veins, are usually atf rihuteble to Brown Blight. 

As in the ease of (In-sy Blight, Brown Blight <*an aftai 
the young leaf, and it frequently causi*s tfonsidendde dainaj 
«m busing whieh are just eotiitiig into bearing, a few iiiontl 
after pruning. The effect is similar to that of Drey IMigli 
A large area of the leaf, sometimes the whole leaf, fun 
blackish brown or black, and in wet weather is soft at 
rotten. The tiif«‘a8i‘d awia may extend down from the ( 
of the leaf, or in a large patch from one side, or along t! 
maigin all rouiiil the leal. The diseamsl leaves which immaj 
to complete their expansion are usually ciirleil and «listorfe 
with thin, black, broken areas whew the tissue has bei 
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killed by the fuiigii.s. A Kpeli of wet vvcjitber diiriijg ih 
dry seuson appears to produce conditions higlily* favourabl 
to this phase of tlie disease. 

The fructitication.s of the fungus (Fig. i\} appear us rninul. 
black points scatteretl over l>oth siirfuees of the leaf. Tfie.si 
are really minute cavities, the sjjores !>eit»g produc«*d Iteneatl 
the epidermis, which H{)litH when they tire ripe. In we 

Weill her I he.se exi ruiii* t 
1 stinill heap of .spore.** 
whieh i,s usually pinkish 


letif is verv' wel and ml ten 
or almost white if aii 


the spores are foiiml to he 
hyaline and eyliridri** with- 
nip eross walls {Fig. 3), 
Mixisl with the s|M»res are 


FiO. l3."TJi« efttet ef l}ru«i>it lltishi. 


and it haa alati t»«rn stated ihut 


It oeeitra an tlie older 


only, it at^cks the 


ti worthy of nioft iwnoui 
Cfinroaion,” ii leaf dijwasw 











I, Blight 

Brown Blight {(hiktifif'khnm. ih-mdlim\ 

3. CsrmqMmliu ♦•nrly m Iml jwifel f'tillf 

4. Cerm^nmihi tmimv ^rntM on \mt Mtf 

H, O^rmqmrdh Thm$f^ Irri/giilur «.iii nfii friiC 

Ci Phmts (imimht, 

7* kiif, rariy »lagt*. 

ft. 8eiil>b3tl hmf, ftiliy iil4ig#. 

i. Early iliigii of llhirk Boi on a yotiiig li*aC 


llg. natiiril mm ; tlio n^iiniiinlvr 
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lias I)eeii daHcribcd from AHaaiii which in Maid to i»e cauwal 
I by a combination of the fungi of Drey ami lirown Blightn, 

; i.e. by the Pestahzzm and OollHotnchim^^ attacking the h*af 

S at the .same time. The leaf begiim to ahrivel round t he edg(*H, 

I and tlie shrivelling increases until t he whole leaf dt'cuys : 

t the decayed portion is deep cluKiolafe-brown in colour ami 
quite brittle. It is sai<l to spread fasbw than c*ither (lr«^y 
or Brown Blight. 'Flie description givtm would apiily tjuite 
well to Brown Blight alone, and tiie occurrem-e of tiie tw{» 
fungi on the same diseased area cannot be. takjtn to indicate 
that the two are working in conjumdiori from the fjegitming 
of the attack on the leaf- The tea l*rdalozzm Hotirishes as 
U a saprophyte on all dead tissims r»f the Bni. bush, and if. is 

i most probable that in this <-.aHe it rnendy folbiws the Brown 
, Blight. In Ceylon it is not uncfjtnmon to firul PcHtnlmzia 
on Brown BHglit spots. 

’ Brown Blight can attack the green twigs of the tea bush, 

genenilly on l>ushes whic-h are more or less unthrifty. The 
affected twigs lumlen up and become grey. In some cas<'s 
the leaves liecome mottled, ami the twigs are stunBul and 
Ijegin to flower. 

I A more serious attack of Brown Bliglit on the stems has 

Isjen re{!orded by Timstall from Nortlu'rn India tiruler the 
name of Die-back {(ilmmjmrmm sp.). 1’he young green 
shoots die back ami the leaves fall off. As a rub% light, 
brown patches are found on the leaf. 'Phe fungus gains 
an entran<te into the shoots through the wouiuls made by 





J3iki>’k-1':vk Spot 
{Cmmporu Them (i«^ Hauii) 

This leaf (liscase is quite coiruuoti, hut the spots efuiseti 
by it are small and do not Httraet altentioti. It «iee»rrt 
usually on th(5 older leav<?H and does vi?ry little damage, 
but it has been known on a few occasions to attack the 
flush. Originally described from Java, it is tt«nv knmvn to 
occur in Ceylon, and has been recently recairded from India. 

The spots (Plate 1., Fig. H») are circular, at first purjdi*- 
red, with an indefinite yellow-green border, 'flie centri* 
becomes sunken lielow' the surface of the leaf. When fully 
developed, they are white, surroundi'd by a narrow purple real 
ring, fn general the spots are rt^gularly circular ami not. 
more than 2 or Z millimetres in iliameter. 

The frurtificaitions appear as mhmtr* bhwk points in the 
centre of the spot. Kach of these points is a cluster of 
erect stalks (conidiopJiores) whiidi latar long, extremely lliin 
spores (conidia) (Fig. 3). 

In India the centre of the spot often falls out, leaving a 
clean-cut circular hole. 


Gnittmi’ouh'LLA rtiKAN Pet<-h 

This disease was first olrserveti in (k‘yloii in IIMM). It 
occurred then on plants in a nursery about eight months old, 
especially in l>eds which had not ta?en shaihxi. The piants 
which were attacked shed all their leaves, Itei'entlv it 



lattiT spots may hi* tip to ”> milimiftivH m uri 

Ht*vt*ra! may offiir on tlio humh* ; tln*y nr»* at firsf Itlat’l 
thtni grey orgroyish wliitt*. witli ii 

pnrplo or ptir}»l«*-lilac’k, niiglit ly raifW'tl marginal /p, \ 
lint* {Unto I., Figs. 3 , 4 ). l*Y^ rK 

()ri tln^ oltl full-grown loavfs tin* ftingiin £-’*j A 
nmiaiiy I'aiiHOH largo iliffniM* patolioa. 'riioat* 
are at first grtrenish brttwn, hoc'oming fliofo- ^ 

|jit«'-l»rown mottlofl with yoUovv hntwtt, anti ■* Jj 

somowhat rosombling Brtnvn Blight (IMato 1., \* / 

Fig. .5). ThoHo Hpttta oxloml intlofinitoly anti 

may citver fh« wholo loaf, htif. if th«*ir growth ^ 

is arrosttwl they boforno grey, with a wt*lb 

tlefinetl, namtw, purple-blaok margin, np t<» «».T/ v>«h 


tnesc spttw is tiarK nrmvn ami sotnttwimi 

sodden - looking, bet oniing grey-brown, with ii transluconf 


woome snpariieiai iintu trio spots inivo 
ittaintal aot'iinin sixo, though, as will Ito evident later, ti mat 
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a simple lens in white c.l asters on the lower surfiu-e of the 
spot. As the spores are borne externally they ean easily 
be distributed by the wind. 

In practically all the recent outbreaks of this disease on 
tea, the affected bushes have been siluaferi near Aeaeius, 
and it has been determined that the ilisease first attachs 
the Acacias and then spreads from them to the ten. In 
general, the disease has occurred on tea interphint<*rl witli 
Acacia decurrem, but it will also Htta<*k Acacia dcalhita ant! 
AcMcia mclanoxylon. When Amcm dccarrcm is alta«’ked, 
the trees are defoliated, the leaflets and the leaf-stalk, or 
rachis, falling separately. 'Fhe smaller braiudies may die 
back, and young plants may be killed, but, in general, the 
trees put out new foliage when drier weather supervenes. 

The disease is conveyed from the Acacitm t<t the tea, 
either by means of its spores which are blown by the winrl, 
or washed by the rain, on to the surrounding l»u»hes, or by 
the falling leaflets of ^e Ae.acia, As the leaflets are small 
and flat, they adheie, when moist, to tibe leaves of the tea 
bush long enough to enable the fungus to grow from them 
to the tea leaf. It is easy to find in an aflerdeti ftelri numerous 
instances in which an Acacia leaflet is attac;hed to a tea leaf 
by a weft of mycelium in the middle of a disease patch, 
and orixera in which a spot is beginning to form from a 
similarly attached leaflet. In general, it would appear that 
the smaller circular spots are the result of an infiwrtion by 
spores, while the larger patches are due to the transference 
of the fungus by means of the falling Aeacia leaflets, but 
that is not universally the case. Naturally, when the dwease 
is transferred by a leaflet, the mycelium is superficial on the 
tea leaf from the beginnmg of formation of the spot. 

Cer&>sporeth Th^ has also b^n found to attack Red 
Gums {Bmaiifptm fo6usk»), Mid Karri (SmaJ/y^m diversi- 
color). In tlte cases hitherto recowied, the Kucalyptus bail 
been interplantdl with Acacia, either in forest plantations or 
in firewood r^rves. The spots on the Red Qum leaf are 
usually large, and may be drcidar or may extend irregularly 
from me le«d ma:^. Th^ a» groy-brown, or grey boidered 
by a brown zone, with a thm white layer of myc^Kum 
spreading from the jqwxt on the under surface. The leaf of 
the Red Gum appears to withstimd the attack of the fungus 
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iM'ttor than ilu* t«‘n !»‘af, uiid no (l(*fj>liHfion lian ol>w*rv»Hi 
in tlu^ oaH(> of that plant. I’p to th« jjnwc'nt, the fiinjcint han 
not Ikh'u m onlocj on (Junm plantotl aionn, «»r in t«*a, 
n(»r ban it lanni known to Hproail from Heal (JuttiH to toa. 

Aidrifi fU'ritrrrm Imih provful t»f groat valtio in up-otmniry 
(IwfrictH of (Vylon f<»r wincl-linltw anti groon manuring, ami 
it would ho imwiMo to fontlmnn it alittgothiT hocauHo of tlso 
ocfurrontJo on it t>f a loaf diaoaHtt whioh also aftaokH toa. 
VVlu'thor it ia advlKahlo to out tad; tlio AoaoiaH whoro tliia 
diaouHo ooourH niunt dopond u|)on tiio oiro.uniHtam'OH tif tht^ 
individual oaiMt. 'I’lio ptiinfc t«i lat dooitiotl in wliothor tlio 
bentdit tlorivoti fn»in the Atwias oomiHjriHattw ftir t he datnage 
to the ttia. 


Him BtiaiiT 
{Cktflmpftnum sp.) 

Bpet;ie» of Cladtmp^nmn are lamimonly found on tietuiying 

'E 1 . } A it- 4- .Ittll .,'1. ^.1 m % U-ti. »■*. t!*, ^ 4 m 4 K 4 JT '1. <lk-4 ^ 1 » 4-' 'k t 
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or l)lac.ki8h brown, ami in tJui nmjoriiy of rawatlio I^•nv«>i4, in 
the oldest stage, conKisted of a green area iiordered by a 
thin, shrivelled i)la<-k }>atch. Soinetinu's the* diseawd par! 
was marginal and extended rouiul tlu^ leaf ; in o< her instanees 
half the leaf was black and shrivelled while the other half 
was green and healthy. 'I’his result is very sitiiihir to that 
of Grey Blight and Brown Blight on liie flush, but the pre- 
liminary yellowing distinguislies it from these *liseas«»s. 'riii* 
tufts of c()nidio])]iore8 often arise on the t<*eth along the leaf 
margin. 

llim Blight is not common in Ceylon, and it woiihl a|>p«*ar 
only to attack hushes whieh are more or less weakened i*r 
unhealthy. 

Japanksk Exobahiiuum BnionT 
{Exobamlium nimdalum Ito anti Bawiida) 

A leaf disease, eaused by a species of En^mdimn ilifferent 
from that of the Indian Blister Blight, has lasen WH'ortlial 
from Honshu and Formosa. It is coinmon in the tea tiis- 
tricts of Northern Formosa, and one of Hie most f«*rious 
diseases of tea in Province 8urn|a, Honshu. It appeals early 
in the season, and in some distrkds caumss a loss on the 
first plucking estimated at about 20 per cent. It is said to 
cause almost as much damage as Blister Blight. Some 
plantations are so seriously affected that scarecly any young 
leaf is free from disease spots. 

The ftr^ indication of the disease is a small pale yellow 
spot, and if the leaf is held up to the light a network of 
^rk lines is seen within ^e tissue of the sjiot. The spot 
is indefinite and irregular in outline, and gradually enlarges 
until it attains a diameter of 2 or 3 centimetres^ or some- 
times until it covers the whole leaf. The colour of the 
upper surface meanwhile change to hrown, and finally to 
dark brown. On the under surface of the leaf the spot at 
first takes on a grey, dusty appearance, but, as it matures, 
the network of dark: lines slightly elevated aliove 

the re«t of the sur&ice. The epidemus then splits along 
these lines and easpcMies Hie fructification of the fungua as a 
white network, on which the spores are produced. As it 
ages, the netted fructification ^hymenium) toms dark brown 
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from tlie cfiitre outwards, wliilr tlin arra drioH and 

shrinks. 

Tin* dlseasn dilfrrs from Blistor Blight in tin* «‘«tl«tur jutd 
shape of the spot, whieft is tu'ver hlistered, micl in tlie r»*!i<‘ii 
lated hyrneniuin. 

S{»oTV Motn,i> 

(MelNtld, ete.) 

Under certain <'in-utnHtanceH the leaves and twigs of ten 
become covered with a black film, nsnally with a more or 
less powdery appearatu'c. This may occur oV4*r the greater 
part of a bush, or a mind)er j>f bushes in a eontifumus ftatch 
may be affected. I'he l»iack covering is generally known as 
Sooty Mould, Soot Blight, or Black Bliglit, atnl i-onsisls of 
a thin, layer r>f mycelium bearing fructificatimiH of sevi'ra! 
kinds. The black layer in most caseK is easily detachet! from 
the leaf, and it often splits away in flakes if a leaf is gathered 
and allowefl to dry. ft is practii'ally entirely superficial, 
thongh it may have minute siu-kers which penetrati' the 
ejiidermis ami serve to attach the fungus more firmly to the 
leaf. In the case of tea the fungus, as a rule, is n«>t jiafusitic 
on the bush. In genera! it does m*f live at the expense of 
the tissues of the leaf, but on the seeretions «)f insi'i’ts wlitcli 
it finds on the surfar^e. It does no direct injury ti» the Inislt, 
J)ut it may perhaps have an iiulireet I'ffta t by shading the 
leaf and thereby mt<Tf<*ring with the rnanufacturi« of phittt 
food. 

To get riel of SiMity .Mould, whicli is ilependent upon the 
presence of insisis, the bushes must be sprayeil with an 
msectiehle, such as kerosene emuisiott, which Will kill the 
insects, the particular spray fluhl to la* employed depemling 
upon tlie kind i»f insect present. In some instances, it has 
teen fonml that the insects wew* not living on tlie tea bush, 
hut on an ov«*rhatiging tree, frcun which their seiTetUms fell 
on the tea teneath. In such a case the triM» should be loppeil 
or sprayed. 

the' fungi which c*oiistitute Btmty Monhl are sjim-ies of 
Md'mk, (hwmlium, etc., the particular spei-ies nt» dmilit 
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Limacinula Theae, found on tea in Darjeeling, and Asterina 
Camelliae on tea in Assam ; and Sawada has recorded from 
Formosa, Zukalia nantoensis, Scorias capitata, and Zukalia 
Theae, fungi of similar appearance on leaves and twigs of 
the tea hush. 

Phoma theigola Fetch 

A leaf disease of tea, differing in several respects from the 
common Grey and Brown Blights, was noted in Ceylon for 
the first time in 1915. It attacked young plants in the 
nursery, and was fairly prevalent in certain districts. It has 
since been found on full-grown bushes, generally on the upper 
leaves. 

The spots (Plate I., Fig. 6), as a rule, appear between the 
lateral veins, usually several on either side of the mid rib. 
At first they are roughly circular, but as they increase in 
size they extend outwards towards the margin and become 
oblong, oval, or angular. They are generally uniformly 
bright red-brown in colour, sometimes almost red.. Ulti- 
mately they may coalesce, almost the whole leaf, or one side 
of it, becoming red-brown. The fructifications occur scattered 
over both sides of the spots as minute, slightly elevated 
points. On old bushes, the spots may not be hmited by the 
veins, but spread from the tip or from the margin, and the 
surrounding area of the leaf is frequently yellow or yellow- 
brown. 

Praeosphaebella Theae Fetch 

The characteristic feature of this disease is the formation 
of numerous irregular holes, usually small, in the leaf (Fig. 16). 
It occurs in Ceylon, but has been observed only on a few 
occasions. In one instance, where it occurred on tea six 
months after pruning, it attacked the older leaves on the 
recently plucked shoots. It has not been known to cause 
any serious damage. 

The leaves become covered with small yellow spots, at 
first somewhat circular, but afterwards becoming angular,' 
and frequently extendi^ in narrow prolongations from the 
corners. The centre of the spot turns grey or grey-brown, 
dries, and falls out, leaving an irregular hole, bordered by 
a narrow brown zone of dead tissue. The holes are usually 



S own, though it (ioes not attracst much attention until tho 
wm are old and .tho oharacteristic! appearant’o ia wall 
dovoloped. 

1’ho allotted loavoa at firat hoar yollowiah -green aperta, 
wliich heoonio bla(hiali brown, and than blaok. 'I’lioao apota 
arcs angular or irregular, or have a lol)ed, (sloud-like margin. 
A ainglo apot, in the early atagoa, may exhibit all tins thrias 
(folcjura and appear mottled. They are waually iittrneroiia, 
and vary c-onaulerably in aixe ; ultimately they may coaleaee 
and c'over the* whole leaf {Plate I., Fig. 7). 

At firat the, apota appear merely a» a diwoloration of 
the loaf. Aa they grow older they l>e<!ome elevated above 
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upward ixd wccti lh<* VfitiHand hrittfj*. 'riia hiarkfiii'd 

area-s (uack, and tin* uriM-kH Ittni gray. h» suina »'a«i‘t4 tha 
whole of the lilackened spot turns grey, uhile in otliers the 
satue grey coloration extends (»ver the stirfina* of the leaf 
round anil Ixdween the spots, la the latter t ase, however, 
the discoloration <»f the part of the leaf which v%as not 
blackened is often due to the sej-oinlarv at1ii«-k <*f tlrey 
Blight, or (luijfinardiu. 'I’he final result Is usuafly ii large, 
irregular spot, extending over a great |»art of the leaf, inter- 
mingled black and grey, and irregularly blistereil and cracked 
(IMate I,, Fig. H). 

The black colour <loes not, as a rule, extend t«i the lower 
Hurfa(;e of the leaf. In ad valued stages, tlii* umler snrfaee 
may lH^a^ minute, watery - green, f rauslucimt riots, ami 
Hometiiiuw a few hlaek points- 

Sections througli the afTra-tetl leaves show that the 
elevation of the hlackrmtnl areas is rliie to a division of the 
palisjide cells and an ex<*eptionally strtufg tliicki'ning of tiie 
cell walls at the upper ends of the sjinie eells. 'Hie hriftle- 
ness of the afleeted leaves is also due to this ilevelopnieiit. 
To some extent this cell ilivision is normal ; it fakes place 
in old leaves of tea, and for that reason the ohler leaves are 
brittle. But in these “ scahl>e«I ” leaves it is’eun* wrenia- 
tundy in the hlackeneil areas, while the nnaffeeteu imrta 
of the l<*avtw are still in the yrainger eoiiditioii, amt the 
thiektming of the eell walls is mnelt more strongly tievelojteii 
than in normal leaves. In tlie young stages the eells of 
the hlackenerl arms have pur|»le contents, hut when old 
the cell c.ontents are hrown. 

The cause of this diseam*. Is not known. No fungus b j- 
yet been found in the rliseaseil spots. In sotiie respeete i ic 
spots resemhlo timse caused by Durnmin Thar, as figurwl 
by Hpesc'hnew, hut no such fungus <s*etirs on those sfMits in 
(>ylon. Up to the piwont it has not caused seriiuis damage. 


Liar DisiCASK m NvmEMm 

The leaf diseases which occur in tea niirmtries are 
general, those which attack th« matum plant. Urey Bli 

rt. . rti* f • # . .i * m *.0 Mi i' 
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smreUti Thmf 1ih» hwn foiincl on tuir«*ry pliwil8, iitul Phomn 
tfirimki iH wmM'titiMm cjuilo I’oriiinon. In (It'aling with lonf 
(hH<»a.Ht‘8 in f h«' niirHcry, colhn fing and httruing thn diHnasml 
leawH in iwnally prni'tic-ahhs hut in tim vnm of ginnTul 
attacks, spraying witli Bor»U*nnx inixturi? Mhould fa* adopted. 

Tin* folltnving h?af dkatjaHPS have fa'cn m-ordtal from the 
countrii*« named, liut few tletails are as yet available ctmcerti- 
ing their effect , 

flKSOgHSoSlA TltKI('iil,A Cooke 

This fnngUH wa« dewribed by (k»oke in IH72 from diwaiHial 
tea leavea aent from (?aehar. He stated that; it cauwd 
aerioua injury to the leaf, but did not deaerilie the ap|tearanee 
of the, aueeted leavea. It tlcam not appear to have beeti 
reeordiMl again from India, but Hpeaelmew has reeonled it as 
otMmrring in the tea plantationa of the Caucasus, Spesehnew 
refers to it as a very dangerous fungus, but as he stateH that 
it has not t;au8ed serious damage in the Caucasus, he was 
probal)ly repeating (ksrke’s version. What, appears t<» be 
the same fungus has been observed in Ceylon, but always 
in conjunertion with other diseases, so that, it is not possible 
to dmcribe the leaf spot caused by it alone, or to state what 
damage is due to it. Spesehnew records that it frecjutmf ly 
occurs on the same spots as drey Blight. 

According to SpwKjhjnew, the spots cuiusihI hy Hmdttmmm 
resemble those of drey Blight, but are usually smaller ami 
browner. The black frmttifications (pyruiidia) are smaller 
than those of drey Blight, and open hy a regular ptms 
through which the sponss are extruded, I’he spor<*s are 
cylimiric, three-septate, pale brown, with tlm terminal cells 
sometimes paler. 

Gi/fhutsm/nnM Ti(iiAti-.stKKs,Hfs Miyake 

Hiis leaf disease was reeorded in lfM)7 from ifapan, whent 
it was widely distributed in the neighbourhood of 'r«>kyo. 
'riu! alTecti'd leaves bear large «|»f»ts whieh are af first red- 
br{»wn. but ultimately, as is usual in tea leaf (liseases, 
Isufune grey. 1’he spots spremi from the tnitrgir» and 
frequently extend over the whole leaf. The fruclificutions 
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are minute and iduck, and JM-rur waUnred uvit Du* uppiT 
.surface of the spot. Further details 'd iIuh *ijxe4.«i* iirc 
lac.kiug. 

Hki'Tohia Tukak Ciiv . 

This fungus was origituilly diststvered oti the leaves nf 
tea cultivated in the BotanicAJarden at J’nvia. It is Mat i-.! 
by Spesclmew to occur in the Caticasus, hut the desi jiptjun 
ho gives is that of Dimisin Tht'tw. 

Dim'oHtA Thkak Cav. 

This is another fungiw which first apj«’are»I un t<'a in 
the Botani(5 (lanlen at Ihivia. aial has since been ilisi overiti 


varying size 


ifiyaMi 


centre of the upot wlita Alllifiiigli flit* limf 


always to be fowticl in tJie C!aiiraiiiiiit iMiiiitafioiiii iiini iiiiiit 


riitmliir urey 
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spots. Tte minute black fructifications are formed beneath 
the epidermis of the leaf, wbicb splits when they are ripe. 
It has been found only in the tea plantations of the Caucasus, 
and apparently no serious damage has been caused by it. 

Macrospobwm commune Rabh. var. theicolum Spesch. 
and Pleospora Theae Spesch. 

According to Speschnew, these two fungi occur on the 
same leaves, and are different stages of the same species. 
They attack chiefly the lower leaves of the ted, bush, late 
in the year. 

The leaves attacked by the Macrosjporium, the conidial 
stage, have mucb the same appearance as leaves attacked 
by Sooty Mould, but while the Sooty Mould is superficial 
and its patches can be scraped or peeled off, the Macro- 
sporium tissue is firmly attached. The fungus causes large 
irregular spots, on the surface of which appear minute, 
raised, dark olive or black cushions. Wben magnified these 
cushions are seen to be groups of erect stalks, on which the 
conidia are produced. The fungus thus resembles in its 
general habit the Chdosporium found on the leaves of tea 
in Ceylon and elsewhere, but it differs from the latter in 
its spores (conidia), which are divided by crgss walls trans- 
versdy and longitudinally. The Pleospora form appears sub- 
sequently, and produces spores which enable the fungus to 
survive the winter. 

This disease has hitherto been found only in the Caucasus. 
As it attacks the leaves late in the year, and the bushes are 
pruned in the winter, it is not considered dangerous. In 
the case of bad attacks, spraying with Bordeaux mixture 
after the pruning is recommended. 

Venturi A Spesohnewii Sacc. 

This is another leaf parasite recorded from the Caucasian 
tea plantations. It causes broad, brownish, indistinct spots 
on the upper surface of the leaf. The corresponding areas 
on the lower surface are hght grey, passing without definite 
margin into the surrounding green of the leaf. The fructifica- 
tions appear on the upper surface as pale, roundish points, 
at first covered by the cuticle of the leaf, but subsequently 
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pr<)j(“.('ting llinnigh it ns siiml! hfiiiispluTirnl whirh 

are covered wit h inimile Iniirs. 

No details of any danui^te hy this fiui^iis arc on record. 


lUl AKIOI'IHIMA PKS'/,h>l Slier. 

Tins fungus was originally disrovered Ity l/rnxig on 
orange leaves in Italy. Spcsciincw sfafos fhal it ornirs in 
the (taucasuH on leaves of tea. in rompany with Sifrioria 
Them (see p. -tft), and it is eonseipiently uncertain which 
fungus causes the leaf H[iot in tpiestion. Spots on whh'h 
ihi), Chudaphmna only occurs are niueli stualler than thow 
on whi(dt the two fungi are found together. 'Fhe disease 
caused hy this fungus (or the t wo) can he nrrested hy spraying 
twice with Bordeaux mixture, if taken in tinie. 


Lk A f A iixi >« II A I JTI ¥M 
( 'll lAUM ISIS 

Viiriegated leaves, grwii and yellow, or grwn anti white, 
are often found on the tea biisli. In tin* eoniinonest case, 
one half of the leaf is gri‘t*n tirnl tin* other yellov?, Htittie- 

til 




» I.EAF DISEASES 4J> 

arc two types of clilorosis in general, otlier than tliat which 
is associated with fungus disease. One of thewe is con1 agious, 
although no parasitic organism has f)cen dete.fded in the 
chlorotic, leaf ; this type is the cause of the wliite leaf in 
the widely cultivated Caladiums, Ahutilons, etc. But the 
commoner chlorosis of cultivate<i plants is not contagious, 
and that of tea l)elongs to the latt,er typ(^. It is <’laim(Hi 
that chlorosis is especially prevalent on calcareous soils : 
and conversely it is known that the common variegated 
garden plants cannot be grown on some soils, any ])latited 
m them becoming green. Watering variegated plants with 
a solution of iron sulphate is said t.o tionvert, the plant to 
the normal colour. 

Double Leaves 

Abnormally shaped leaves are occ^asionally met with on 
the tea hush. Perhaps the commonest form is that of tlie 
twin leaf, in which two leaves appear to he fused t4>gether 
by their edges for part of their length. This sometimes 
occurs in conjunction with fascnated sterns. In some in- 
stances there are two distinct mid-ribs from the Base of thr'i 
leaf ; in othera the mid-rib divides into two at varying 
distances from the leaf -stalk. In these cases the two leaves 
He in the same plane. 

As a variant of the above, a fully formed leaf may arise 
from the mid-rib of another leaf. This may be rtigarded as 
a branching of the mid-rib in a plane per|>endicular h) the 
leaf. 

In some instances the mid-rib may divide into two 
branches which unite again at the apex of the leaf, without 
any separation of the leaf blade into two parts. 

There is no reason to attribute any of tliose phenomena 
to insect or fungus agency. 


DwARf Leaves 




liiey are uHualJy long relativ(*ly to tlieir oreiidtli ; Honii» 
attain a length of four (HUitinietrc^s and a hreiicilli of orii* 
centimetre, while otherB may he two c^entiiiietres long iiiid 


Fio, 17.-»Shc»te 'bdsrifig dwarf adaiiif Ir.*» » kfmtrh witli nwwal It 

nalutwl iliw. 


only a millimetre broad. The affected »hoot» bi 
repeatrfly, so that the Bmall ieaires are ultimately gn 
in dense clustere. 

TMs effect has not been traced to any disease. 
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LKAK AND KTOM DISHAHKH 

lil-IHTKR lil.KiHT 
{KxolHiHtdium vexAim Muhsihi) 

This disease, which was referred to by Dr. Watt as “one 
of the very worst Ijligtits on tea," has lieen definileiy known 
to exist in Assam since 1808, and is reported to have occnrretl 
there ten years previously. In l8tH5 Watt sent specimens to 
Kew, where it was examined by Massee, wlio deHcrilHid tlie 
fungus which causes it as ICrafnisuliiini rtxniiH. ft %vas 
apparently confined to Assam until 1908, when severe at tacks 
broke out in the llarjecling district. As far as tin* records 
show, it is still only known in Upper Assam and Darjeeling. 
It has not been recorded from Southern India, nor from 
Ceylon or Java. 

The first indication of a lilister is a small, pale green, 
pale yellow, or pinkish, translucent spot which is easily seen 
. against the darker green of the rest of the leaf when it is 
held U|) to the light. In some eases the spot is deep red on 
both Hides, the colour of reel ink, ami tlm re»l tinge persists 
(jven when the spores are ripe. The t'ireular spot, (udarges 
until it reaches a diameter of a quarter to half an inch. Dn 
the upper side of the leaf the spot grmiually heeotnes de- 
pressed into a shallow cavity, while on the under side it 
becomes correspondingly convex, and thus forms the blister 
from whicli the blight takes its name (Fig. 1 8). 'I’he upper 
<^oncave surface of the spot is smooth and shining, and the 
(!olour is usually a paler green than the rest of the leaf, The 
lower (convex surfar«, on the other hand, is ilnll, and at first 
ffl-ey as if tlusted with a white powder, but when mat lire it 
becomes pure white. This white appeamnee is ilue t*> the 



outgrowth of a deiiBo velvety j)ih'! of fiingUH filamentK, <m which 
the spores are produced. Iti sorru', caHcs, some filatntuilH and 
spores may he produced on the conc-avct upj)er surface ; and 
in others the form of blister may he niversed, the upper 
side of the leaf being convex and the low(!r concave. Botli 
these forms of the blister may be found on the same leaf, 

but the spore-bearing sjjrface 
always chiefly on the under 


shmis. It iH not as con- 
apicuouH on the stems as on 
the leaves, but the damage 
is more serious as the stems 


No blisters are 


h it » never 


Fia. Bllgfit* tia » tol, 


unsightly 


sui^e l«af, jwad may mmaia distiiwt, or 
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coaleHcft t(» form si large pateli with an irregular oullim?. In 
Honu^ ejiHeH the wliole under Hurface of the leaf may 1»<» 
covered witJi an liven mass of filiattwH. 

The diHeane ie propagated by wind-blown apori'S, tJunigh 
on estsiteH alreswly infecded it in poHsible tliat tlie Hpor«*H may 
be conveyed from buah to huHh on the clothing of t he i-oolieH. 
I'Jie HporeK, if kept rnoiat, germinate witJun five and a half 
Jjoura, and if they happen to have alightod on the lower 
»urfa(;e of a tea leaf, the germ tube ent^sra througfi si Ktoma, 
and rainifies between the cells of the plant. A mass of 
mycelium is ultimately formed beneath the. lower e[)id«^rmis 
of the leaf, and, from this, groups of filaments emerge 
through a stoma or through the rupturetl epidermis, forming 
the close, woolly covering of the blister. Hoim^ of these 
filaments bear spores, while others are barren. 'Fhose that 
bear spores are of two kiruls ; the one kind liear two-celletl 
spores (conidia), the others bear one-celled spores in |)airM 
(basidiospores). 

From the time of infctdion to the appearance of the 
transliu'ent spot about eleven days elapse, while the blister 
is fully formed and producing spores six to eigiit days later. 
These times vary according to weather conditions, ami if 
has been stated that the time from inoculation to spore 
production may be only ten or eleven days. The spores are 
said to lose their capacity for germination in two to three 
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disease is perjjetuated until weutluT (•onditions are favourable 
for the development of an epidemic. 

In Darjeeling, the disease is said to ap|)ear erratically in 
a field. It does not appear in one spot and then spresid 
from that c.entre in a continuous i)utch, hut several buslies 
here and there are simultaneously badly alTected, while 
scattered bushes are lightly affecded. The. disease may then 
become general, and imirease until the leaves and shoots are 
80 badly attacked that plucking is stopped. Infection occairs 
to a notable extent when a spell of wet weather follows a 
few days’ sunshine, and umler favourable conditions the 
disease spreads with terrible rapidity. Hhade favours its 
development, and it is worst in low-lying, damp, shady spots. 
Some bushas often appear to be resistant to the disease, and 
remain healthy and free from blisters, althougli the surround- 
ing bushes are suffering severely. 

Mann states that, in Assam, Blister Blight appears about 
the third week in April to the first week in May, and the tea 
first affected is almost always unpruned tea, which tjuickly 
takes on an alarming appeamncn only realised by theme who 
have seen it. The blight then spreads to the remainder of 
the tea, ruining the first flusli-stalk and the leaves, and in 
bad cases makmg it neejessary for the bush, at the end of 


that the worst effect will naturally be felt on “ cut ba<'k 
tea, where the yield is of leas imm^ate importanee than the 


to differ m susceptabihty accoiding to its 
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tlw! best jatH of A«Harti. Witii roganl io tim <iuil»n‘ak in tin* 
Darjeeling diatrief , Me Mae tliat tiie bligh t attncke*! t he 

high quality Asaaiu aiui Hybrid jata moat 8everi‘ly, while 
(Jhina and Manipuri were not ao much affeebnl ; but in aonie 
gardcna China waa laully attaeked. 

When any new fungua paraaite attaeka a (uiltivated plant 
it ia an oljvioua aaaumption tiiat the fiingna haa previoitaly 
lived on wild planta, poaaibly related te that under eiiltiva 
tion, and haa, more or leaa auddenly, adopt«nl a new Jioat in 
the cultivated apecies. It haa been UHaerted on aeveral o(*ea- 
aiona that “ Blister Blight ” haa been found to occur on 
Jungle trees and 8hnd)8, but moat of tins atippoaed bliatera 
have proved not to be caused by fungi, or it <lue to fungi, 
not 'caused by ExobaMium. The apetitw of KxalmHulutm. 
are, as a rule, strictly limite^l in their range of host planta, 
and any given apetues may be expe<d.ed to occnir oidy on 
closely related plants. Up to the present no ExthiHulmm 
on a wild plant Jiaa ijeen found to fulfil the condition require*! 
to demonstrate its identity with Exobfimlmm n-xmiH, vir,. 
that the spores from th<! wild plant ahall be capabh^ <d pro- 
ducing Bhater Blight on Tea. The sudden ajipearance of 
Blister Blight in Darjeeling ia not explainabh? on the inbtrrtui- 
tion at present available. 

The following treatment has been reeommtuuled for Blister 
BligJit: — 

1. In the cold weather ns mtudi tea as is practicable should 
be thoroughly cleaned out and sprayed with a solutit>n of 
2 lb. caustic soda in 10 gallons of water. 'I’ea whi<'f» bears 
much green growdh, such as uri})rutie<i,aml lightly pruned, f4*a, 
and seed bearers should be spraycfl with Bowleanx mixture. 

2. In the rains, if Blister Blight persists or reappears, 
spray with a solution ccmtainiiig 2 ounces common salt and 
2 otmees lime in tine gallon of water. 

Kx})erimenfs have been condutdcd in Darjeeling to deter- 
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Red Ruht 

{Cephahuros ^mrasitieus Karat.) 

Red Rust haH l)een reckoned one of the inoHt serious 
diseases of tea in NortJiern India. From the literature 
relating to tea in India it may be deduced that the iUsease 
has existed there in a minor degree for nmny years. It 
began to attract attention about 1880, when it was termed 
White Blight, because on shoots attacked I)y it the leaves 
sometimes became variegated, or in a few instances quite 
white. But it was not until 1 B8h that the cause of the disease 
was determined by (Junningham from specimens sent from 
Nowgong (Assam). The serious nature of the disease 'was 
then pointed out, l)ut the warning appeara to have paased 
unheeded. 

In 1896 Watt travelled through the tea districta of 
Assam, and found this disease much more prevalent than 
had been supposed, though he stated that he had no direct 
evidence that it occurred as a dangerous tea blight in any 
other locality than Assam. Since then, however, it has 
been shown to be present in every plains district of North- 
East India, and is admitted to have an important effect on 
the health of the tea buidi and on the crop. 

Mann and Hutchinson refer to it as a blight which, if 
unrestrained, will inevital^ ruin tea properties in almc»t 
every tea district of North-^st India. They stated, in 1 904, 
that they had found the dangerous stem form of the alga in 
every district of Assam, without exception. In Cachar, its 
ravages were as seriorus as in Assam, and it was very probable 
that it was one of the most serious causes of the decline 
and abandonment of many of the old teela gardens. It is 
the firat bli^t which appears seriously when the bhecls of 
Cachar lose their original ferlaUty and begin to decline in 
luxuriance. It has Seen noticed in Sylhet, in the Duars, 
and in the Terai, and, except the hi^er parts of the hill 
gardens, no «3frion is absolutdiy free. 

The name “Red Bust” Is an unfortunate misnomer, 
for the t«cm “ rust ” is univeraally employed for the diseaiMw 
caused by a particular cliws of fungi, the Uredinme, well 
known for thdr attadb on cereals. In the prwint case 
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the parasite does not belong to that elass, and is not even 
a fungus, but an alga. Algae are known to the majority 
only as sea-weeds, but there are other kinds wliieli live in 
fresh water and form submerged green fUam(mts, or the 
green or red scum on tluj surface of pof>ls, while yet others 
grow on damp surfactes aiul disc-olour tliem green or wd. 
In the tropics, wherever the rainfall is suirunently high, 
numbers oi algae are found living on leaves ; the ctivering 
of vegetotion so often found on jungle leaves t^onsists generally 
of algae and mosses. The algae connected with lte*d Ilust, 
Cepfmleuros mycoidm and Cephahmms jmmuUwm, belong to 
these leaf-inhabiting species, and they liave tin* further 
peculiarity that their cell contents are ((shiefly) orange, not. 
green. Another alga of the same elass forms the red stain 
so often seen on coconut stems. 

The species of Ceffmhnmm have been the subject of 
several botanical investigations, and a (considerable volume 
of information has been amassed eoncerning them. But the 
particular species which infest tea cannot be said to liave 
been critically examined by any one who has madi* a s|)ecial 
study of algae. Hitherto all the forms of (lephuhmroH on 
tea have been assigned to one sjmeies, CephalmroH niyeoidm, 
but there are undoubtedly two species which (s-cnir commonly 
on tea, viz. Cephahuro» mymidtm and CephakmroH pmmtiem, 


Vhem red dmm are, in general, €epkdimm» I'lii* 

alga, in the majority of cases, is mertdy epiphytic, that is, it 


opinion wnetner inis is aue to tiie jmnetratioii of tiio epi- 
dermis by filanients of the alga, or an effecd of shading, (dc. 
The red discs are superficial, i.e. they lie on flic surface 



lobed, and in many <mih(‘s part <jf tin* iliw Jiiny i«* wanting, 
so that tlia alga {'onsmts of inort* (»r loss triangular soctors, 
united at their apiees (Plate H., Fig. '!), Af liis! fhe disc 
is smooth, but us it grows «ilder it pri«hn-es a number of 
erect, red liairs whic*h are easily tlistinguisliable if the leaf 
is held up to the light and hiuked at edgeways. 'I'ln* hairs 
are of two kinds : tin* one kind bear a inunber of spore-like 
bodies, sporangia, at the apex, while the olliers are barren 
and pointed. The sporangia are easily detached, and may 
b(! blown by the wind nr washed by the 
rain to other leaves or plants. There 
they open, and lil«*rate a number of 
minute xoospores, each of which can 
give riw* to a new diw, or alga |»lant. 
'I'he red dises are often attacked by a 
fungus, am! they then turn white, 
hetme the iweurrence of red and wdiiie 
disc’s on the satiu* leaf. The leaves of 
tea, as well as a host of otliiir plants, 
may bear Vt'phiU'tirm mi/mulm, without 
showing any appreciable irijtiiy. 

A si>eond H|«*c*ies, (kphttlmirm pam~ 
miuuts, frecpiently is’eurs on the leaves 
of tea, and is lindotibledly patasitic 
„ u (Plate II., Fig. 3). It has taam found 

Ti eommofi in (Vylon in eases where the 

and * »wii{Km*, *»«>. form, which will la* lU^'rita'd later, 

has caused serious damage. The fimt 
appearance of this form is a sttuill, Iranshieeiit, watery- 
looking, green sjiot, on the leaf. In .lava, such spots have 
l)een styled “c»il spots.” They are not always due to 
O^phakuroM. On the upper surface the spot fs'comes 
purple -red, then blank, with a piir|>le timiKin which is 
sometimes swollen. On the tinder surfatre it is purjde-md, 
lascoming grey-hrown when old, with eitlier a pui^ilc, or 
a dark, wateiy-green, margin. The alga during the forma- 
tion of the spot lives entirely within llie leaf, and in 
some ca^ it elevates the epidermis in a pattern similar 
to the disc of Cej^lmrm mycoutm. When it Is mature, 
it producaf baira, like those of the, sujierlictai discs, but 
twually more yellow, which push out through the epklwinai 
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and ('over liotli the upper and und(?r 8id(( of the Hpot. 
Here again the atjtual datnage (caused f)y tfuH attack on 
the leaf Ih not very Herioim, The KpotK are, aH a rult*, 
sniall, though in some cas(!8 long, oval, bhu^k or waly patcii(?8, 
(‘.overtul with erec-t orange hairw, may be fornuwl alotJg the 
mid-rib, sometimeH tuiarly tlie whole length <)f the leaf. If, 
however, the alga atfacka the leaf atalk at its jutuhion with 
the Htem, the leaf H(X)n falla. The ocamrrenc^e of tlie Hpotn on 
tlui leaf blade is often followed by an attack on tin? leaf 
st^dk, due to infection in that position by spon's washed 
down by the rain from the fruiting patx?hcH above. 

In the same way the spores may be washtal down, «)r 
blown by the wind, on to tl»e green twigs. On the twigs 
spots may be produced, at first watery green, then bhwik 
and covered with clusters of orange hairs, exat^tly similar 
to the spots caused by GepfuiUmron jxirasUiem on tins loaf. 
But, perhaps more generally, the green stem Jianlens up 
prematurely, s(;aly grey patxduss lieing formed. I'hesi*, 
pat(;hes are the epidermal layer of the twig which has bt*eu 
cut off by the plant after it has been attai^ked by the alga. 
A similar hardening up often occmm in the attacks of fungi, 
e.fj. those of (irey Blight and Brown Blight, on tlie greim 
twigs. 'I'hese scaly patehes usually eraisk longitudinally, 
awl thus provide a further opening for tlie attack of the 
alga. The superficial discs of Cephulctmm mpmMm have 
not been obstwved on the green stems of tea, though tliey 
have been seen on rose ste.ms. The red hairs on tlie st4*m 
arise from the cracks in the outer layers (Plate II., Kigs. 

Attention is generally drawn to affeited bushes by their 
“ thin ” app«*arance. The liranches whieli have develo|M‘d 
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due to Red KukI, but in npparenily iiiendy jdiywobigii-iil ; 
in the latter the white nrean are iwualiy more fsharply 
defined than in tiie varieKHtinn <'ause<l l»y thin <iiwase,| If 
the dying steniH, or thow with vnriegiifed leavea, are ex- 
amined, they will usnally found to l«* more or lea« roverecl 
with tiie red fruiting haira, eH}M*eially during the raitw. 


Th«i© appeamncm «r® generally tilwerved in Ceylon on 
hushes nearly due for pruning, and in Inni eaafw the hush 
may be suitounded by a ring of dead iwip. 

The nuMft serious damage caused hv lieti Rust fwewra 
after pruning. Accoidin| to Mann and Hulrlunion, prae- 
tteally ail the tea In beamg in Noiih’Kast India m prun«l 
duri)^ the period, Dftsembar-Maitjh, and the usual meihotl is 
to cut off the previous y^r's growth, leaving from one to 
four inches of new wood. In dktrit^ liaiMy affe<i*tl by 
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Red lluBt the disease generally appears, after tJ»e first lieav^ 
rain of the season, on tlie lenf^iis of the prcwious years 
wood which were left in pruning. 'Phese pr«inc‘d stems 
become red in irregular patches, the <’olour Isung <lue to 
the fruiting haira of the alga whkdi are produced in siudi 
numbers that they form a velvety pile. Tlie alga is not con- 
fined to the wood of the previous year, but may be found on 
old stems up to an inch m diameter. Mann and Hut<diinson 
state that prior to this appearance of the fructifications of 
the alga, the new shoots whitdi have sprung from the pruned 
wood may have shown a lacsk of vigour and a tendency to 
a premature hardenir^. 

In the low-country of Ceylon, where bushes are prum‘d 
back to a framework of a tew thick branches, Red Rust 
may appear on these branches, an incli or so in diameter, 
in an almost continuous covering from the pruning <mt 
backwards for a length of six inthes or nvore. As a rule 
the affecited branches do not produce any new shoots, hut 
die back. This effect is often very notic;eahle in fiehls 
attacked by the root disease (Miused by Jhf.ryodi'pladM, and 
it is probably to be attributed to the weakening of the busli 
by the root disease. 

In attacks on the stem, iw described in the two preceding 
paragraphs, the alga is living within the tissues of tlie bark, 
and is only evident when it produces the re<l frtuting hairs, 
which may be only in the last stage of the alga on the dying 
stem, Infetdiion of the stem must have t-aken pla(;e some 
time previously. In India, it is l>eli«ved that infection 
occurs shortly after the young slumfai have atmuired a brown 
bark. In the first stages of bark fortnation ihe out4‘r layers 
of the stem are rough, and more or less cracked, an<l f he 
spores of the alj^a, IfKlging in the cracks, give rise in that 
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vigorously and pr<)diu;eH its sporatigiophoroH. In this con- 
nection it is to he noted that whereas a fungtiH would he 
injured, or retarded in growl Ji, hy ex])osure to light, the 
parasite in the present disease, being an alga, is nio.st prohahly 
henefitcd hy it. The same appears to hold good in tlie case 
of other cultivations ; in cacao the species of (JephuleitroH 
which occur in Die-hack arc most abundant on unsliaded 
trees. 

The alga ramifies between the cells of the hark and pushes 
them apart, with the result that some of the surrounding 
cells die. Tlie effect of the alga extends beyond the limit 
of its penetration, and consequently a layer of dead cells is 
formed between the alga and the living tissues of the branch. 
If the bush is growing vigorously it may form a <’ork layer 
beneath the dead cells, and this cork layer (nits out the deml 
tissue and the alga with it. In that case the alga dries up 
and dies, and only a small, slightly depressed scar is left on 
the branch. But if the bush is weak, its growl h is too slow 
to allow of that. The al^a then grows through the layer of 
dead cells and kills off still more, ultimately in many cases 
killing the branch. 

The facts of the foregoing paragraph support, the state- 
ment that Red Rust is a disease of weak bushes, and afford 
a clue to the treatment of the disease. The alga is uni- 
versally distributed, but it does not become a serious parasite, 
unless the bushes are, for some reason or other, not in a 
vigorous condition. If a bush is growing vigorously, it can 
resist the attack of Red Rust. 

Weakness of the bushes may be due to several causes, 
lack of drainage, shallow soil, the formation of a hard pan, 
poverty of the soil and lack of manure, harti plucking, 
improTOr pruning, etc. Such of these causes as are remculiable 
must be removed before the disease can be got rid of. Bad 
drainage is a fairly frequent cause on small patches, while 
over laige areas J^vy plucking and i»issation of luamiring 
have been the main mntributoiy factors during recent years. 

No variety of the plant m immune to Retl Rust, but, 
in general, it is held that the pure A^m indkenous ty|>e8 
have shown themselves the most suscqjtible, wmle Manipuri 
is the most resktant. But differences in soil conditionii will 
completely reverae this conclusion. 
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Ah it haH foimd tliat vigorutw bimlu'H itw abl«^ ti» 

throw <»fF llict paraHili*, iiuHt muHt l»«* cotnlHitod by itii- 
nrovomoiilH in <-ulfivati<m, tnatuiring, ntul pruning wJtirh will 
load to ill*! production of Htrongcr bunhcH. 

In pnmnig, <-h*HU pruning, i.e. tlic removal of all weak 
sluHitH, is cHseufial. 'I'able pruning, t)r mew^ly <*nfling across 
the. top of the bush, is to be avoiderl, as this method leaves 
untoiiched tlui outi'r brawhes which are tlm most likely 
to hav(* been weakened by lied Itust. These die off ami 
reduce the sis'.e of tlie Inish, and a nmef ition <)f this {jrocess 
after each pruning may ultimately kill it. Bushes shmtld 
not be allowed t^) run up liefore pruning, with the idea of 
strengthening them, as they t hen p^cMluc(^ a large tiumber of 
stems whi<‘h compete with one another ami are weakeneri in 
c-onsequenco, and are therefore the more liable to be at f at^ked 
by lied llust. 

The chief requirement in dealing with this riisease is 
improvement of the hushes by general citltivation ami mannr- 
ing. In India it is nu^ommended tliat a sohd»le manure 
should be applied immediately after pruning, the following 
being suggested : 

( AmttHmiiini sulphate . , I cwt. 

For sandy soils : StqHsrphfwphate . . , | 

I Fotassiuni nitmte . . | ,, 

For stiff soils . [ . . 1 .. 

t Basic slag . , . . I „ 

The application of potash may lie strongly rer^ommeitded. 
There does not appear to be any rloidit that in the c-ase of 
tea it favours the production of womi ami assists the laish 
to resist disease. 

It would he expec^tctl that as lied llnst is canswl by an 
alga, it would reailily yiehl to spraying with <iopper coin- 
pounds, But in actual practice it is found that owing to 
its (iovering of line hairs the alga in the fruiting stage cannot 
b(! wc'tb^d. After spraying, the Rial Bust patihes have been 
fennel to be uninjured or to be killed only at their edges. 



04 


DISEASES OF THE TEA BUSH 


i’llAP. 


Heavy pruning and collar pruning, taken alone, have 
not proved Huccessful in dealing with Huh disease ; a lienlthy 
growth may he obtained at first, but if the soil coiulhions 
have not been improved the new shoots beconje infecHal 
again. Burning over an affected field has been found xiHeless 
for the same reason. 

The treatment indicated is usually begun atpnining time. 
In certain cases direct treatment of the disease as early as 
possible is necessary. This may Jiappen when young plants 
are attacked, or in case of severe outbreaks on older tea. 
The badly diseased l)ranche8 should be (mt out and the 
bushes sprayed with Bordeaux mixture, Burgundy mixture, 
or lime-sulphur solution. In India it is advised that lime- 
sulphur solution should life used in the cold weather and 
Burgundy mixture, with the addition of an twlhesive, during 
the rains. If the soil is poor an application of soluble 
manure should be given. 

It has not yet been decideti which of the leaf algae attacks 
Hie older stems. Mann and Hutidiinson record that the alga 
found within the bark is green, not re<i or orange. In 
Ceylon it is both green and orange, and those are the colours 
figured by Karsten for Cephakuro» parmUimM. It is prob- 
able, therefore, that the alga in the old stems is the latter 
species. On the other hand, the colour of the sporangiophores 
on the stem is decidedly red or orange-red, while the sporangio- 
phores of Cephakuros parmUiem on the leaf are yellow or 
orange-yellow. 

Bacterial Leaf and Stem Dibbase 
{BadUm Them Hori and Bokam) 

A disease caused by a bacterium wMeh attacks the leaves 
and stems of the tea bi^ has been known to occur in Japan 
since 1908, though its nature was not detemiined until it 
was investigated by Hori in 1914. Hori named it “ Kerl 
Scald Disuse,” As it is at piwnt onlj known from Japan, 
the detail which are avidlable conemrong its mode and rime 
of occurrence on the buih mu«t be interpreted in accoi^nce 
with ^e naethods of tea culrivariott in that country, where 
pluddog is in abeyance during the winter. 


in 
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The dusejiHe may niako its appearatu-c in l<Vhruary-Mandi 
on the old leaves and twigs of t he previous y<^ar, or lafvr in 
the year on the young leaves and twigs of any of t he siib* 
sequent flushes. It begins first on the leaves and passes 
from them to the twigs. Practically, it may attack leaves of 
any age. and any twigs which la^ar leaves. When tin? old 
leaves of the previous year iiave been attacked, the buds 
which afterwards develop in their axils may ])rove to be 
infected. 

On fully developed leaves the <lisetise first, pnxluces 
pale brown circular spots, 2 to :i millimetres in <liam(?ter, 
scattered over tlie leaf, 'rhese s{>ots rapidly increasi? in sip 
and coalesce, forming large confhient patclms. 'IMn? margin 
of the pateh is somewhat irregular and umlulating, but 
sharply defined, d’he patches are slightly blackish t.owards 
the margin and hear numerous concentrn’ unduhiting lines. 
In dry weather they change to rcsldish brown, while* in w(‘t 
weather they bectoine dark rc*ddish brown. On the under 
surface of the le,af the spot is ])al<? brown, bc*coming bhickish 
towards the margin. Spots frequently bc'gin ccti the mid ril>, 
extend irrc^gularly from side to side of the l(*nf, and sprc'ncl 
down the leaf-stalk to the twig. The injnr<*d h?av{»s rapidly 
wither, and the diseased bush ofte.n losc?s all its old leav«‘H 
and becomes naked for a time. 

After the disease has occurred on the full-growm leaver, 
the young buds may be? attac’kcid just as they f»pen «»r short ly 
afterwards, turning red-l»rown atul finally becoming lihiek. 

On twigs which have bec?c>nu? woody the dise‘nsed tissues 
turn l)lack only at the? points of attac-hm(?fit c>f tlie leaves. 
Young grcMm twigs turn bhu’k and wither entiri?ly when 
attockecl, so that hushcis whic’li arc? sc?vc?rely afTeeted bc?c‘ojne 
hare and c?xhibit nunu?rous dc?ad twigs blac?kc?nc?d fora length 
of 4 or 5 inc’hes. 

The disejise is said to ot!c:ur only on tea which is c*xpc>sc?d 
to full sunlight. It is not found cm tea which is shaded by 
trees or artificially screened, ('orrespondingly, on unshaded 
tea, f he uppc'r part of a bush may Im sc'veri'ly damaged, 
while the lowc?r part is otdy sliglitly affected. 

It has be<?n found that the system of nmtnmjtg has 
an important bearing upon the incidence of this disc*ase. 
In many eences fields had been heavily niatuirt?d with a 
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nitrogonouKS niamiro, usually niglilHoil with tin* ndditiun of 
fish or rape cake, in order to obtain an increased eroj). Ib»ri 
remarks tJuit, hitherto, tea manuring in .Japan has <-onsisted 
principally of HU])plying nitrogen, without any regard to 
phospJioric acid or potasJi. The baciterial disease occurs 
principally upon fields or estates thus excessively rjianured, 
and it has l)een made worse by a rt^petition of t he nianuring 
in the hope of restx)ring vigour to bushes weakened by the 
disease. 

Wet weather favours the progress of the disease, as the 
rain washes the l)ac-teria from the spots on the leaf d(»wn the. 
leaf-stalk to the stem, where they can attack the stern or 
infect the young bud. 

There is as yet no proof that the bacteria are conveyed 
fronr bush to bush by insects, though it is probabh* that 
such is the, case. I’hc punctures made Jjy mites or sucking 
insects would afford the bacteria a ready mearrs of entrance 
into the leaf. It has been noted by on© observer that leaves 
partly eaten by bag-worms are severely attac-ked, and that 
the disease appears first on the bushes which have Ireen badly 
damagerl by these insects. 

It has been observed that tea which has Ireen sprayed 
with Bordeaux mixture as a preventative of leaf disease 
caused by fungi is not attacked by this bacteria! disease. 
Hence it is recommended that the same treatment should I>e 
adopted against the latter disease, the bushes being sprayetl 
with Bordeaux mixture (1) at the time the spring buds Imgin 
to develop, (2) again after the first flush has been plucked, 
and (8) a third time, in the autumn, after plucking has ceasetl. 

Excessive nitrogenous manuring must l>e abandoned in 
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disease was found in Ceylon, and the former 
: been recorded for Assam. As far as Ceylon 
led, it is highly probable that the disease has 
1 that country for many years and has been 
d, probably passed over as a bad attack of one of 



— ^The effect of Black Rot on Coca ; lower leaves decayed, upper 
leaves healthy, x J. 


in leaf diseases on bushes nearly due for pruning, 
ir that supposition are afforded by a perusal of the 
:elabing to coffee leaf disease in Ceylon, from which 
that the coffee was attacked by Black Rot, caused 
s of Gortidvm, in addition to the notorious Hemihia 
Coffee in South Lidia is attacked by a similar 
but the fungus is a different species from that 
ea in Ceylon. 
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, In ite efl’tMjt on the tea bimli tlit^ plantt^r wriiihl no doubt 
regard the (Ceylon di-sf^ase as a leaf disease {)urc and simple. 
The fungus, Jiowever, is not confined to the leaves, but 
can and does spread over all the parts of the bush above 
ground. It is therefore impossil)l(? to eradicate? it l>y merely 
plucking and burning diseased leaves, and it is important 
that its true eharaetter Khf)uld be recognised, so that 
appropriate steps may be taken to arrest its spread. 

Attention is usually directed to the affetded bushes by 
the .l)lackening of the younger leaves. I'he n»ore tender 
leaves in the uj)pcr parts of the bush turn black ami become 
soft and rotten. Furthermore, they do not immediately fall 
off, but remain for a long time attacluMl to the shoots. In 
very we.t weather the older leaves may share the same fate, 
but it frequently happens that the injury on the latter is 
confined to the production of local dead pak;hes. The <lea<l 
leaves hang more or less vertically, atid, if they come in contact, 
with the stem, adhere firmly t>o it. Himilarly, dead leaves 
which come in (?onta<;t with one another become fastened 
together in clusters, while fallen leaves often adhere to 
healthy ones. In very hml attat^ks the numerous, appar- 
ently dead, bushes, covcrexl with decaying leaves, present a 
most deplorable sight. 

Although the fungus may have spread over the greater 
part of a tea bush, it may not be percaptihle to the naked 
eye during wet weather. In that respect the Ceylon Blac;k 
Rot differs entirely from the Thread Blights, in which fhe 
stems and the leaves always bear comparatively stout, white 
threads of mycelium. The easiest way of detecting fhe 
fungus of Black Rot in such cases is to remove a dead leaf 
from the stem very carefully, pulling it of in a direction 
parallel to the stem. It will then be found that a thin, 
transparent film of mycelium peels off the stem, attached to 
the base of the leaf-stelk. 

The forgoing te«t and the occuirence of clusters of dead 
leaves fastened together by veiy^ fine, cobwebby films of 
mycelium serve to distinguish Black Rot from severe attacks 
of Grey Blight. 

The fungus which causes the disease consists of very fine 
threads which run along the stems and over the under 
surface of the leaves. These threads unite into a very 
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delicate film, especially on the leaf. The fimgiiH lias iMum 
found on woody stems up to an intdi in diameter, and eati 
no doubt occur on any part of the bush abovt; tlie ground. 
On the old stems it does not appear to clause any <lamage. 
On the green stems the fungus may cause a j)remat»ire 
hardening in the form of scialy, grey-brown patches, or it. 
may ultimately kill them completely. But. ladore that 
happens the planter will have noted its elTect. upon the 
young leaf. 

The first sign of an attaiik on t he young leaf is t he appear- 
ance of a number of small, blackish-brown, or elu»colate- 
brown spots, usually crowded together (Plate I., Fig. D). 
The upper surface of the leaf appears sunken on and rouml 
the spots. These spots soon run together ami form a patidt 
which gradually extends over the whole leaf. Large patches 
are red-brown to chocolate-brown, usually motthul, becoming 
black when old and wet. 

On the older leaves the effect may not lie so general, only 
part of the leaf being attacked, but th^ no doulit depends 
on the weather. If the whole leaf is not involvi^d, the 
diseased spots are usually large, sunken, bhw^k, or deep 
chocolate-brown with a blackish margin, uniformly coloured 
or mottled on the upper surface, and greyish brown, some- 
what sodden on the lower. When dry the spot is grey, and 
may easily be mistaken for Orey Blight. 

The fungus threads run along the stem and pass pi the 
leaves via the leaf-stalk. As far as has been (letiirmined, 
they are confined to the under surface of the leaf, exi’ept. in 
cases where a diseased leaf falls on the upper side of a sound 
one. But even in the latter i^ase the fungus «lfH»s not. appear 
to cause any liamage through the upper surface. 'Phe spots 
may first appear at any point on the leaf, luit nei-essarily at, 
the stalk end, as might be e.xpected. Fretptenily the fungus 
accumulates in the axil of the leaf, i.e. the angle Isitweiui the 
leaf and the stem, an<l forms a fairly dense, white; or yellowish 
felted cushion, wliile the leaf and stem arc still gretm. 

In addition to the attack on the leaf via the leaf-stalk, 
healthy leaves may be infcatol by coming in i;otifiiet with 
diseased leaves, or from diseased leav^ which fall off ami 
adhere to those below. As far as has l>een observial, tlie 
fungus does not prmluce aerial mycelium, ie. free threads 
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which stretch across from one leaf to another, as in the case 
of Horse-hair Blight. 

If a shoot which bears one or two diseased leaves be 
placed in a closed tin box, it will be found, in about, twelve 
hours, to have produced a quantity of greyish, cobwebby 
mycelium. The growth of the fungus under such <!ireum- 
stances is extraordinarily rapid, and glass dishes in which 
diseased shoots are enclosed are usually filled with masses 
of mycelium in a few days. This indicates the possibility of 
a very rapid spread of the disease under suitoble weather con- 
ditions, e.g. a saturated atmosphere and a high temperature. 

Black Rot has only been observed on tea in (leylon, up 
to the present, in the wetter low-country districts, and on 
tea which is due or nearly duo for pruning. The disease 
usually occurs in patches 8(;attered over the field. This 
would indicate an original distribution by spores, blown to 
different parts of the neld, and a subsequent spread at each 

S oint by the growth of the mycelium and the dispersal of 
iseased leaves by#hc wind. There is no doubt that tlie 
fungus is an inhabitant of the Ceylon jungles and spreads 
from the j ungle to the tea. On one infected estate it was found 
on an isolated group of jungle shrubs, on Calophyllum Bur- 
manni (Sinh. Ouruhm), of which the clump was chiefly com- 
posed, and on HemUemm indiem (Sinh. Iramtmt), a climber 
which overran the Gurukina. There would not, however, 
appear to be much probability that it will prove to be 
confined to any particular species of jungle sltrubs. In 
Ceylon it attacks coca {Etythfoxylm Com) and (k^anihm 
tvbiflmm. 

'^en the fungus is ^wing rapidly in the wet ueaHon on 
tea in the low country, the mycelium on tihe stems and leaves, 
m already stated, is pmctioally invisible. In drier weather, 
however, or during the mns at higher elevations, the threatls 
on the stem and the films on the leav^ produce fructifications, 
and they then b^me mi^picuouB. Thme fructifications 
consist of poups of bamdia, each basidium liearing four 
spor^ ; and owing to their development the films and threads 
become powdery and white or pale pink. It is remarkable 
that on tea (low country) th^ white powdery patchm have 
been found onlv 
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tion has been found also on tlie dead wit hered leaves, though 
on this plant it is still most abundant on living h'aves an<l 
sterns which do not show signs of injury. 

When the fungus is produ<‘ing its friudilieationH the 
under surface of a leaf may be covered wit h a thin, whitr* or 
pinkish powdery film, either ttompletely, or in pat, (dies ex- 
tending from the leaf-stalk, or in (drcular patrdies anywlnsre 
on the lower surface. Bimilar patches are formed on tlu* 



Fid. Thme, i4 thu film tfii n Um hmft ulitiwirig llir Imulilk 

niifl x&Mh (After 

stem, where of necessity they must mn along the st«‘m and 
are often (lonfined t(» the lower side, Hentar the fructifica- 
tion on the stem superficially resembles a Threari Blight.. It 
differs, however, from the Threjul Blights in that tire visible, 
patches are c',oiimos(«l <?ntire!y of the fnictiftcalion and are 
more or less diffuse, and in the absence of a definite, con- 
spicuous, sterile cord. Micrtrscopically it differs (sunplclely 
in struct ure. 

The film on the leaves and the mycelium on the stems 
are comparatively easily detached when fresh. 'I’hey run 
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is essential, because the fungus can survive on them for some 
months and can infect branches which come in contact with 
them, and can most probably reascend the bush from them. 
The adoption of the above methods will get rid of the greater 
part of the fungus, but will leave untouched any wMch is 
living on the older wood. To eradicate the latter the 
bushes must be well sprayed, after pruning, with Bordeaux 
mixture. 

In Java a different species, Gorticium Theae, forms white 
or pinkish cords which run along the branches, ramifying 
and uniting here and there. The cords are found only on 
the young branches, two or three years old, never on the 
thicker, older branches. The cords are from one-half to 
2 millimetres broad, but sometimes spread out into a very 
thin film. When the cord reaches a leaf-stalk, it travels 
along it to the under surface of the leaf, which it covers 
with a thin pink film. 

, This disease has been found on several occasions in Java, 
but it has not caused very serious damage there. On some 
fields, however, a fairly large number of bushes may be 
found which exldbit the characteristic features of the disease. 
In the middle of a bush, which is otherwise vigorous and 
healthy, there may be found a dead branch bearing a 
cluster of yellow, dried leaves, and on the other branches, 
which may die soon afterwards, one finds the pale pink cords 
passing along the leaf-stalks and expanding over the lower 
surface of the leaves. 

Gorticium Theae differs from the fungus of the Ceylon 
Black Eot in having a conspicuous cord on the stem. In 
the latter respect it resembles the Thread Blights, but it 
differs from these in the structure of the thread.- 


Thread Blight 

(1) The Parasitic Thread Blight oe India 

The name Thread Blight is apphed to a white mycelium 
which runs in coarse strands over the stems and leaves of 
the tea bush. At least one such fungus has been known to 
exist on tea in India since 1868, and ha,g been the subject 
of much writing and numerous mistakes. The mycehum, 



the leaf. As a rule, it divMw fauwisa at tile hiisa of tlie 


broad, is closely and fimily attachwl to the 


very fine hyphae which serve to fasten it to the bark. When 
old it is usually firm and smooth, and may l>e(!ome brownish. 
Here and there it branch^ at an acute angle*, the branches 
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in the condition in whic-k it is usnally coilccJcd l>y the 
planter, is generally sterile, and partly for that reamin tla^ 
literature relating to Thread Blight (•(Sisists mainly of 
conjectures. It is now known that th<*re are at leant two 
species of Thread Blight on tea in India, c»ne. of tlietji parasitic 
and the other epiphytic;. 

The white my(;elium usually begins its developuient t»n 
the branches ami spreads from them to tlie leaven. It may 
begin at any height from the ground, but in g<*nerjtl it appearn 
to originate under the shelter of the dense shade about 
half-way up the hush. t)nc;e it has obtained a footing, it 
runs along the branches, <-hiefly in an upward direction. 
It does not start from grounci-levcfi, as a rule, and it is 
not connected with any mycelium in the soil. On the other 
hand, the mycelium of Polyporm ittferruptm, which cauises 
a root disease of tea, may nm from the diseaHe4i root up the 
stem in cords which closely resemble Thrcfaci Blight. 
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becomes detached from the stem, l)nt. it- frec|uently remains 
suspended by the threiui for some time. On tiiin-leaved 
jungle shrubs, such as BtrobilunlheH, tlie efTec;t cjf tins fungus 
is very marked ; and it is unnecessjiry to turn over t.he leaves 
to see whether they hear the fungus, for the upper surface! 


Fffi, Tliri*#«l f’Miglii itii iistiiriil wliif. 


blackened over an area which corresponds exiMrt-ly with 
distribution of the fungus on the lower. 

It has not yet Isam determined how the fungus attacks 
^ leaf. When frt'sli and moist, the film can he peeled off 
! Hurfma?, and no hyphae have been tletected wit Inn the leaf 
the early stages of the attack. As, however, tin* ultimate 
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the tea Htem, open wounds or cjinkorH arc^ formal on the 
stems of jungle Hhrul)s. Young Ktems are killed l»v this 
Thread Bliglit. 

This form of Thread Blight oeeurs on lea in N<trthern 
India, and the same, or a similar, Kpecies on erdTec^ in .lava 
and on jungle sliruljs in (levion. It has not yet been found 
on tea in Ceylon. It luis also been reeonh'd in India 
on bamboo, loquat, sapcMlilla, Ihminia, and iJilk’tm indim., 
hut these records would appear to l>e basal on naked-eye 
chara(!ter8 only, and in view of the confusion whicli has 

prevailed coneeniing the different 
species of 'I’liread Blights it is prol»- 
alile that this list needs revision. 

The parasitic species on tea may, 
to some extent, be distinguished from 
the epipliytie harmless species by 
the thread becoming thicker on tlie 
smaller branches, and by the con- 
tinuous film on the lower surfata* of 
the leaf. Microscopically it differe 
in having peculiar Ixidies, known as 
anker cells, on the thread, and, 
more abundantly, in the film on the 
leaf. These are oval, or sphcricul, 
cells with a basal and an apical 
point, and sometimes one or mows 
points projecting from the middle. 

Thread Blight is not necessarily confined to hushes under 
dense shiide. It can occur on bushes in the ojien exposed to 
the full effect of the sun. This at first sight is surprising, 
as a fungus mycelium is usually a delicate structure and 
soon succumbs on exposure. In the Threatl Blights, however, 
the bulk of the hypha© of the cord are thick-wallisl or solid, 
and because of that the mycelium can withstand desiccation. 

Watt and Mann considered that Thread Blight was a very 
d^itoctive dise^. They stated that it occurred in every 
Indian tea district, and in some of them it had done a great 
amount of damage. They were of opinion that it had l»en 
am of the commonest, and perhap one of the mostdestmeti ve, 
blights of the tea bush, thot^ it had b^n usually neglected 
ana looked upon as causing littie or no inju^. In cson- 
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HtMjiieiKie, 20 to 50 per cent of the himfioH in a i)lo(‘k were 
not infrequently attacked, tium reducing yieldK and ruining 
bushes. 

Tunstall, in 1910, sfeittai that the improvetuent wlii(di had 
taken place in pruning in Assatn ha<l resulted in a great 
diminution in the attac-ks of I’hread Blight, in that, rlistrict. 
The caustir; washes wiiich many planttirs had usesd on " (Uit- 
back ” tea in the cold weatlnw hiwi also tended to further 
reduction. In consequence, 'rhread Blight had (huiscmI to he 
an important disease in most of the t,ea ilistricts. Ac;cording 
to the same author, 'I’hread Blight was viwy [iriwahuit. in 
(Jachar and Sylhet during the rainy season on most gardens, 
especially on narrow, shaded hheels between teelas. 'Fhe 
application of lime sulphur solution, four times the usual 
strength, during the (sold weather had he<*n found (juitr* 
successful without pruning out the infeeded wood. 

The treatment of the 'rhread Blight is usually taken in 
hand at the pruning season. As far as possifth! all small 
branches which bear the white threads should he cut out, 
and if the blight is confitUHl to the upper imrts of the hush 
that will suffice. But if the heavier wood is attacked, f la^ 
bushes must he treated, afte-r pruning, with lime sidphur 
wash. 'Phis must he brushed over the affeeded parts, the 
mixture being well rubbed into the thread. If tins threads 
in the middle of the bush are left untreated they will rapidly 
grow upwards and attack the new shoots. 

The affected prunings must be liurnt. If l<*ft lying on 
the ground they may tievelop the fructification, which will 
then prcxiuce spores (tapable of reinfeeding the bushes, or 
the threads may possibly spnnal from the primings to the 
bush again. It has been stated that the roots of tea Inishos 
have become infected with 'rhread Blight aft^w afftadeal 
prunings have been buried, but in view of the known habits 
of the fungus, and the difficulty of identifying mycelia, that 
would a{)peur doubtful. Search should be mi«!e for frees 
or shrubs, otlier than tea, bearing 'I’hread Blight, in the 
immediate- neighbourhood, and if any are found they sliould 
be treated or removed. 

When withered leaves which bear 'Thread Blight are 
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in contact and thus infects t he busln Tliis is (d quite comtnon 
occurrence in tea, and a dead leaf t^an often he found attached 
to a stem at the point where the cord begins. In India, 
not only tea leaves, but the l<*aves of a jungle tree, Utengah 
{Dilknia imimi), have been found adhering in that way to 
the stems of the tea hush. But while that method un- 
doubtedly serves tx) distribute the blight through thr^ fit*hi, 
it may be doubted whether it is effective over k>ng distaiua's 
or in introducing the disease intxi new localities. In the 
latter cases a distribution by means of spores woiild appear 
more probable. Up to the present, however, no frmdilication 
has yet been discovered either of tins Indian parasitic I’hread 
Blight or of the corresponding panrsitic Threaxl Blights cif 
Java and Ceylon. 

Thread Blioht 

(2) The Epiphytic Thread Blkjht op India and 

{Jbylon 

{Marasmim puhker (B. and Br.) Fetch) 

The common Thread Blight on tea in Ceylon ia epiphytic — 
that is, it grows on the tea bush but dt>ea not atteck it. 
The same species otKJura on tea in India, hut the relative 
distribution of this and the parasitic specaes on tea in tlmt 
country is not known. It has been found also on nutmeg, 
cacao, and Behperom obhmcUa in Ceylon, but has not yet 
been discovered^in the Jungle. 

To the naked eye the white cord on tlie stem does not 
differ notably from that of the pawwitic species. On the 
thicker stems it tends to branch fanwiae. As a rule, it 
does not become thicker on the smaller twigs, and it does not 
form a white film on the under surface of the living leaf. 
When the thread runs on to the lower surface of a feaf, it 
usually remains undivided, but if it branches the brantshes 
are imt united bj a continuous film. It passes from one 
leaf to another if the leav*^ are in contact, but it has not 
been observed to bridge any g^p. The two leaves are 
genemlly fastened together by a tBi« white of mycelium 
at tihe pdnt of contact. IflicroBCOpically, it differs from the 
parasitio species in not having any anker celk 
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This Thread Bligiit has been under obnervation for 
several yeara on nutmeg, and lias not been found to eause 
any damage. The leaves t)ver which it runs do not exhibit 
any signs of injury, and they are not cast off, cxcej)t. at the 
normal times of leaf-fail. When they are. deta(^he<i they 
remain for a long time suspended by the thread, and may 
become adherent to one another, or to a braiu-h, thus forming 
clusters of dead, withered leaves. 



In its general details of structure and life-history tins 
Thread Blight resembles the parasitic Thread Blight. Its 
(jords are composed cdiiefly of thiek-walled hyphae ; it runs 
over the tea bush in the same manner ; and it (san Is* dis- 
tributed by means of wind-lM>ni© infected leaves. In the 
case of this species, however, the fructiftcatifjn is known, 

The fungus sometimes forms broad, thin expansions at. 
the side of the cord on the stem, and these heconie tu>vered 
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cerning the injury causal by Threjul Blight are perltiip 
be attributed to the fact that aoiue niantem have beei 


quainted with this apeoies only, while othera have ha< 
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of the leaf, and the same white cups may (hn'ehtp on this 
film. These eups are the fniefificati(»ns, Imt not the fully 
developed form. The latter is found on leaves whieh liave 
fallen to the ground, or into the middh? oi the tea bush, 
and is a small, lielmet-shaped basidiomycate, white abttve, 
ochraceous below, with a few gills on thc« lower surface. 
It is known as Manmnim puHier. 

This Thread Blight often appears on tea whieh has I)een 

allowed to run up before. 
_ pruning. It does not do 

^ J any appreeiahle datiiage. 

The varying opinions which 
I h^ive ]>een expressed eon- 
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level of the old wctod, hogitiniiig t.ovvardH the of 

braneheH, 1 to I| centimetres in diamettn’, and extending 
upwards to the smaller twigs. 'I’he whoh^ of the steiriH in 

the upper part of the hush look as 

if they luai been whitewasJied, 

A casual exaniination of atj 
affected stem does not revcyil any 
general covering')! fungus mycelium, 
such as would be expected from its 
appearance. The exterior f)f the 
stem (consists of its original bark, 
l)ut this is white insteacl of brown. 

On closer inspection, however, one 
or more white or yellowish t-ords 
are observed running longitudinally 
along the stem over the whitened 
area. These resemble tlie conls of 
the common Thread Blight, l)ut, on 
the thicker stems at least, t hey are 
not as stout as in tln^ common form. 

They are not consjjicuous, because 
of the general wfiitening of t,hc 
whole stem. 

The peculiarity which distin- 
guishes tliis disease, from the ordi- 
nary Thread Blight is that, whereas 
in the latter the fungus hyphae run 
in a well-defined cord, in this case 
they spread out from the cf)rd 
through the dead outer bark layer "" ' * * 

of the stem. These spreading liyphae are not visible to the 
naked eye, as they are of very small diameter ami run 
througli and between the dead bark cells, fbit, in feetling 
on these cells they bleacli them, and conse<|uently the sbun 
i.s covered with a wliite layer, which owes its coiour to the 
dead and loosened bark eclls rather than to the cohmr of 
the fungus hyphae. 

The cords usually become stouter and more prominent as 
they ascend the stem, and the smaller twigs may bear ^•or^ls 
only, without any general whitening. On reacliing the 
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along the lower si<l(^ of the leaf-Htalk to the under Kitle of tlie 
leaf, frequently forming a nmail pa<i of fungnn ti.HKiie at the 
base of the lejif-atalk. Onee <in the leaf, the eord divides 
into nuitierouH branches which spread out funwise, or f(»rni a 
network, over the under surface. 

The effect on the leaf is, as a rule, (piite dilTewnt from 
that of the ordinary Thread Blight. The fungus threatls 
may nin regularly over tlic leaf, or they may expaml into 

minute einnilar pads at frequent, inter- 
— — — —I vals. But, in many cases, the thread 

is bordere(l on ea<-h side by a narrow 
watery - green ztme, which indicates 


(dfect upon the tis8U(*s of the leaf ; 
and a mieroscopit! examination shows 
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vice versa, while pieces of leaves or stems which fall on the 
whitened stems become united to them by the fungus. 

I’he fungus does not appear to have any immediate effect 
on the stem. It permeates the normally dead, outer bark, 
and entera the c.ontinuou8 cork layer which prote(;ts the 
green, living tissue. But when the outer bark is 8(sraped 
away, the green living cortex appears healthy, and in the 
cases hitherto observed, the affected stems do not die back. 
But a microscopic examination shows that some threads 
penetrate completely through the cortex and extend into the 
wood. The diseased branches should, therefore, be pruned 
off below tfie white region. 

The fructification of this fungus has not yet been found. 


Horse-hair Blight 
{Marasmim ejiuicrinis Mull.) 

Horse-hair Blight is the particularly apt name given to 
a fungus rnytselium which is sometimes found hanging in 
festoons among the upper branches of the tea-bush. It 
cannot be mistaken for any other “ blight,” so appropriate 
is the comparison. The cords of nwcelium are blacK, round, 
and shining, like black horse-hair (Fig. 31). 

The threads may originate on the main stem near the 
ground, or at any point on the branches, but more usually 
on those in the interior of the bush. Thej nm upwards 
over the branches and on to the leaves, being attacmC/d at 
intervals by small brown discs of agglutinated hyphae. 
IJnlike the threads of Thread Blight, they are not atta(5lje<l 
over their whole length ; and a single cord is not neciessarily 
confined to one branch, but may pass from branch te) branch, 
or leaf to leaf, at random. 

The fructification of the fungus has the same general 
shape as a mushroom. It may ho produced on the a<}rial 

l* t.. * tl 1 . ft * * 1 if i *1 • 





The stalk of the friuTification is black and siiiriing, 
the horse-hair eor<l : it may be up to two (■entiriu'tres b 
The cap is reti-browri or yellow-brown, hemispherical, 
pressed in the centn^, atul marked with four to seven, ra 
furrows, which correspond in position wdth the gills on 
under surface (Fig. 11, Maramnius niuicritm). 

This species of Iforse-hair Blight is known to occxi 
India, Ceylon, Java and Australia, and probably is tc 
found throughout the Fastern Tr<»pic8. It is common in 
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jungles, where it grows over the various shrubs which 
stitute the undeii^owth. As a “ blight ” of cultivated pi 
it has been recowled on tea in Ceylon and India, andL on 


nearly run their full peri^. Its appearance in tanglei 








rri 


LEAF AND STEM DISEASES 


85 


the upper part of the huaheH over a wide area frequeidly 
occasions consideral)le alarm. The fungus, Iiowever, is not 
parasitic, but epiphytic., that is, it grows on the Inish Imt 
does not derive ite nourishment from the living tissues. It 
may be unsightly, but it does ru) damages. When the older 
leaves of the bush die, they remain atta<died to t he mycelium, 
and any dead leaves or twigs whi(di happen to fall from over- 
hanging shade trees become entangled in it.. 'I'hese give a 
fictitious appearance of parasitism, whi(;h is disproved by 
careful observation. The fungus obtains its foo<l from the 
dead outer bark of the older stems, and from the dejul leaves 
and twigs in the tangle. 

If leaves or twigs which bear the mycelium are conveyt^d 
to other bushes, the fungus will (iontinue its growth in its 
new situation. The suggestion that the mycelium is con- 
veyed from bush to bush by birds which employ it in building 
their nests lacks the necessary evidence that it ever oc’curs 
in birds’ neste ; and in the case of tea this method of dis- 
triCution would appear to be improI)ablo, for, in (ley Ion at 
least, where the bushes are plucked at short, intervals, tiu'.y 
are seldom adopted l)y birds as nesting sibjs, ’I’he tividem^e 
would appear to indicate that distribution is efTticted by 
spores. 

Primings from bushes affected with florse-hair Blight 
should be burnt. If left on the grouiul, they produce the 
fructifications in almndance, and the spores from these ean 
re-infect the bushes. If the mycelium is present on the main 
stem, burning the prunings will not get rid of the blight, 
and it will be necessaiy to take further measures. Bruslung 
the stems with a piece of coir, or some similar substance, 
will remove the mycelium ; but if it is desired to kill it, 
lime sulphur solution should be used, applied with a brush 
to the parts affected, after the bushes have been primed. 

ADDENDUM 

IILISTKE SUmiT 

While this hook was in the press, it was announced that 
Blister Blight, caused by Exobaaidium mmm, hud been 
discovered in Japan and Formosa. According to Hawada 
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{Tram. Nat. Hid. tSoc. Formosa, No. o9, ii>22), it was 
recorded in 1912 jus occurring in the province of Shidzuoka. 
Japan; f)ut that rcicord ])roved to he incorret-t, tin? fungua 
being FxobfmdiHm reticulatam. In 1920, however, the true 
Blister Blight was found in that ])rovince, and it in now 
known to occur in wiveral districts in K{>rino«a. Hawada 
states that the. fungus dotts not prwluce, two kitulM tJ spores, 
the so-called conidia hciing merely mature Inisidiospores, 




CHAPTER IV 


STEM DISEASES 


CoMPABATiVELY few stem diseases of tea have received dis- 
tinctive names. Of those which have, probably the best 
known is Pink Disease, which attacks woody plants of all 
kinds throughout the Tropics, and is easily recognised by 
the pink layer of fungus tissue which covers the affected 
stems. Another, Thorny Stem Blight, at present confined, 
as far as is known, to Ceylon, is characterised by the produc- 
tion of black thorns on the stems attacked. Stump Rot, in 
Ceylon, is applied to the attack of Irjmx destrmns on the 
exposed upper surface of the pruned main stem, the disease 
being first evident through the death of the branches in the 
centre of the bush with the result that the bush “ becomes 
hollow.” 

As a rule, the other stem diseases of tea are popularly 
classifieil as either Branch Canker or Die-back. As far as 
the cause of a disease is concerned, the two classes are not 
mutually exclusive, for at least one of the fungi which cause 
Branch (Janker can on occasion give rise to Die-back. 

The term “ Die-back ” is applied to diseases in which the 
branches arc killed back gradually from the tip downwards. 




caHeH it iH scarcely jaissihlc lt» (listiiif'iiish between the <!if- 
fererit diseases ext'ept l»y u jnicruscsipie exatniimtion uiul an 
ideiitirication (»f tin* funjjus e(meerne<l. 

'I’lie term “ ('anker " is, or slnaild be, applied in plant 
pathology to wounds of a defhut<* character, vix. those 
whicdi extend to tln^ wood and are snrroumled by a ealltis, 
or cualiion of bark, gema’ally more or less gnarlcf! and 
irregular. The formation of a eankiw usually tak«*s some 
sue.h course as folhnvs. 'Fhe bark is kilhsl by a fungu.s over 
an area which often runs longitudinally abnig the stem <ir 
branch. The activity of the fungus may then (limiuish, 
and as the normal proc-esw's of stem-thiekeuing are un- 
inttirnipted exe«*pt over the injured area, a tallus. or rim 
of new wood and bark, is formed rouml the woutiil, the 
surface of the iatt«w thereby beeotnitig sunken bidow the 
Hurrminding h^vel. 1'he d«*aa origirud bark may fall out or 
be forced of l»y the new tissue, or, if thin, it may persist 
at the base of the wound and lie |mrtiy eoverefl by the new 
bark and wood. Under favmirahie eondilions, Imwever, the 
fungus may resume iicdivity and attack the adviiueing 
border of healthy tissue an<l kill it l>aek ; atnl the continued 
repetition of this results in a permanent, gnnhially enlargittg, 
open wofind, surroumlcHl l»y gnurletl, <Hsf»*rterl hark and 
wood, oft45n in a series of stn’eessive rijlges or ferrac-es. The 
wood in the eetdre f»f the wound, exposed to tin* weather 
and the attaeks nf saprophytie, wmal desfroyiiig fungi, 
usually dec;ays. 

Ifrkmh (Vnker iii toi was first notie«^i in Houthern India 
in ISIMI, and has since Iwen found to m eur in fno.Ht of the 
Indian tea distrii ts. On the young wtssl the steins arete said 
to split and crack in every direc-tion, while, on the old womi, 
an opn wound was pwKluciHl which spread until it ringed 
the Dush ami necessitoteil collar pnining. The Iinlian 
disease was attrihuteil to a spisrien of Nfrtrm. 

In Uoylon, Branch ('anker was firsts reported in 1SMI4, 
but the symptoms of the disease on w’hich this name was 
then bestowed were quite different from f liisie of the Indian 
(imem. It was twonleil as a disease prevalent on the older 
bmnehes of the tea bushes, and the following ilescription 
of it was ^iven : “ When the disease Is found on the older 
branch^ it is alnu^ invariably on tlie nppi^r siitfacas of 





liorizontal branches ; generally, in fields afTecfed by the 
disease, the stoutest branches of fine old bushes are datnaged. 
The wound runs parallel to the sides of the branch, and 
varies in length with the time in whi(;h the fungus has been 
growing in the Ijranch, from two or three to twelve or fifteen 
inches in length. It may be as wide as the branch, and it 
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,Fia. -4>ifl Bmtmh C *firik#*r, viitwitd fnm x | ; ih*i wotitiik 

ii|mT4f«li ttii? bfEriiflic*ii iin«i urt? m In tli« nnt encti, 

may extend even to the under side. The centre of the wotmd 
is, ex(a;pt in wet weather, dry, and the wcK>d is redu(;ed to 
tinder an<l earn be rernove^l by the finger nail If the e<lg(*s 
of the wound be cut it will bo found that in the majf)rity of 
cases narts of the crallus, or cushion of healthv tissue, are 
r that 
. 32 ). 
s diset 
•. It 
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thouHtmds of IhihIioh hud boon warfhotl, no frucf ifk-ntions 
of Ncctria luul boon found in tin* fiold, fhotigfj they liad 
developed on a cankered f»ranch kej)t in the laboratory for 
some months. It is not, however, difficult to iiiid several 
species of Ncdria on cankered branches, though it by no 
means follows that they are tlw^ cause of the disease. 

Briefly summarised, it rruiy l>e said that any open wound, 
particularly if bordered by a callus, as wouruls on tea usually 
are, or any gnarled formation on the hrancliesfif t lie tcii bush, 
has come under the general catt*gory of Brancdi (‘anker. It 
is only to be expected, therefore, that tlic name will be found 
to cover injuries caus<*d by a number of diflfertmt agents, - 
fungi and others ; and, although the suhje<d still reejuires 
further investigation, a few of these causes liave been 
ascertained. 

The injuries which have been classed as Branc’h Canker 
may be divided into throe types, vix. (I) wounds or gnarled 
formations on young branches (red wotid) ; (2) open wounds, 
often extending for a foot or more, along the upf>er surface 
of old horizontal branches ; and (3) wounds on ohl vertical 
or horizontal branches which extend along the branch from 
an old pruning cut. These are not necessarily dilTerent 
diseases, out it will l>e convenient to consider them separately. 

The j^narled formations on young branches and stems 
are so diverse in shape and appearance that it is almcwt 
impossible to give a description which will fit all cases. 
Sometimes there may be only a series of small wounds on 
one side of the stem. In other cases swollen areas may 
0<5cur in discontinuous lengths, the thicker parts being 
separated by abruptly thinner sections, or tne separate 
swollen areas may be unitfsl by narrow isthmustm of the 
same thickness, either on one side of the branch or on either 
side at random. The geneml appearance nu»y give the 
impreMion that an extra layer of tissue has lieen uildeil to 
the stem, not regularly all round, but in more or less con- 
tinuous patches ; or, where the growth is more ntslular, 
that the stem lias “ buret ” and produewi abnommi growth 
aluM wrtain lines or over certain areas. 

The reason for th®w foTOtations is fairly simple. The 
young, normal, round twig or stem, soinetiines when not 
more th^i one-quarter of wi inch in diameter, is attackid 
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IS wMcli kills the bark and cambium, not uni- 
round the stem from one end to the other, but in 
itches, which may be continuous down one side, 
the stem here and there, or form an indefinite 
patterns. If the growth of the fungus is arrested, 
m continues to hve and increase in girth, growth 
5S can take place only over those areas where 
im has not been killed. 
get the irregularly ar- 
sr growth, with rounded 
iering upon the dead 
these new growths ad- 
r the dead tissue and 
he irregularity becomes 
marked. [Frequently, 
orous bark of the young 
/en the epidermal layer, 
id forms irregular longi- 
:ands overlying the dis- 
tn and accentuating the 
normal appearance. 

.sly, in order to produce 
described, it is essential 
ungus does not enter the 
the branch to any con- 
jxtent, as by doing so it 
I ofi the branch com- 
3ne fungus which fulfils ^ , 

. I' 1 Tig. 33. — Branch Canker on. young 

jlOH is tllC lungUS OI Jrink stems after an attack of Pink 

orticium salmonicolor. It Disease. Natural size, 
emonstrated that the my- 

this fungus can attack wood, but there is abundant 
hat, in the case of the tea bush, it ve^ frequently 
do so in any general manner. It kills the bark 
ium and the wood to a small depth along one side 
m or in irregularly arranged patches, and as the 
lot increase in thickness over the dead areas, the 
ranch Canker of young stems results (Fig. 33). 
ungus which produces more or less the same effect 
)homa theicola, or an earlier stage of this species. 
;us sometimes kills the tissues in small elongated 
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patchftH, aioiif? onn of tin* Ht<*m or oti oitlier Hide at 
random, hi iIh HitliHiajiienl growtli, tin* Hfoiii i'on.H«H|U(*ntIy 
exhibits a number of .sunken wmmdH, the new tinHue often 
forming a netted pattern (Fig. Sf>). 

The wounds on horizontal bramdies answer to the 
description already given (p. Hi)). As a rule, they involve 
only the upper side, along which they may extend for a foot 
or more. The wofid within the wound is rotten ; and if the 
branch be cut across, this decay will he, found to have 
penetrated, in many cases, half-way through if. Obviously, 
to ascertain the cause of this comlition, the i*arliest stag«‘s 
of the disease must he observed. Once the woml is exposed, 
numerous saprophytic fungi attack it. and causi* it to ilecay, 
and, after the first formation of the iiollow, rain water 
constantly c-olleets in the wotmd atul favours the cam- 
tinuance of the rot. In general, the fungi observed in these 
advanced stages arc such as are commonly found on dead 
wood. 

Both the fungi referred to above can cause Branch 
Canker on horizontal branches. When the fungus of Fink 
Disease, Corlkium mlmotmdor, grows along the upper 
surfarie of a horizontal branch, it kills the hark and probably 
part of the woisl over an ehingatetl area, and thus initiates 
the (janker. When found in an early stage, the dead bark 
is generally cracke<l transvereely, and bcare white patohes, 
the remains of the pink fructification ; but after the formation 
of the callus, and the disintegration of the bark, no trace of 
the Cortkium is evident, 

Macrophmm thekola also attacks the upper surface of a 
horizontel branch, and similarly kills the nark and wikmI 
over a limitetl area. The affected hark is blackene^l and 
soon cracks awav from the wowl. But before that happens, 
the extent of the canker is indicated by a slightly mised 
ridge running idong the stem {Fig. 37). The fructififtations 
of this fungus are minute black spheres emliedtled in the 
bark ; no part of it is visible externally. 

A thirtt cause ol Bmnch Canker on large branches is to 
be found in the attacks of white ants on bushes previously 
attacked by Shot-hole Borer. Ordinary wood-destroying 
fun^ obtdn an entranca “^reugh the holes of the Issetle 
jmd set up decay, and appamitily the ftmgus which the 
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beetle cultivateK in its galleries assists in the process. The 
fnngus-infested wood is sulisecjncntly eaten by white ants. 

It may l)e noted that wiiite ants commonly attack the 
de(;ayed wood in branch cankers and dean them out. '^rhese 
are generally the ordinary mound-building termites wliich 
do not attack living tissues. ’’I’he termites wliich attack the 
living tea Imsh in t'eylon are usually Calotennen militaru or 
Cahtermes Greenii, and these form their nests entirely 
within the stem of the bush. 

Wounds whidi extend from pruning cuis, usually on 
vertical branches, have not yet been traced to any definite 
agent. As a rule, such wounds run down the branch in 
an elongated V, widest at the upper end. Numerous fungi 
occur on the dead tissue of such wounds, Imt svudi as have 
been critically examined are merely saprophytes. It ajipears 
most probable that these wounds are primarily due to the 
decay of the wood downwards from the exposed surface of 
the pruning cut. 

Descriptions of the diseases refetred to above are given 
in the following pages, and to these the reader is referred 
for further details concerning them. 

In the case of large open wounds on horizontal branclies, 
at least in Ceylon, the fungus which initiated tlie canker 
has, in the majority of cases, disappeared before the damage 
is observed. There is, therefore, little danger of infection 
from these old wounds, and, consequentlv, treatment of 
them may be deferred until pruning time, when it is possible 
to carry it out more effectively. The main branches which 
bear large “ cankers ” on their upper surface must be removed 
at some time or other. But it is not sound practice, from 
an economic standpoint, to undertake a sudden crusade 
against every cankered branch. For years these wounds 
have very little effect on the crop. The young wowi at 
the ends of the branches continues to flush, and badly 
cankered fields, where nearly every horizontal limb has been 
hollowed out, have replarfy yielded a thousand pounds of 
made tea to the acre. To remove every one of these branches 
at the same time would reduce the crop to a very small 
figure. They must, however, be removed ultimately, to 
prevent the rot descending into the main stem. Under the 
circumstances, it would seem preferable that, as a first 
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tmitin.ent, the worat i)riin(;heH nlumhl be remove*!, 

and the remainder treatru! by scraping nut the tlead wnml 
from tlie wound and applying tar or hoiiu* other preservative. 
At the next pruning, the operations should lie repeated, the 
worst branches being nunoveci as ladore ; ami this shoidd 
be continued at. each succesHive pruning until the lield is 
(dean. 

Vertical branches which hear wounds ext(‘nditig from tlie 
pruning cut can generally be removed wluui pruning. In 
districts where this form of “ canker ” is prevalent , large 
pnming cuts should be, treabnl with tar, tdc., as part of 
the general routine of pruning. 

It is generally held that an excess of potash in the manure 
applied favours tlm development of wood, 'riiis appears to 
bo substantiated by experienc** iti Ceylon, where nnmeroiw 
examples of the (aimpkrte healing of branch cankers in their 
initial stege have been obsesrved from time to lime during 
the last twelve years. But nothing of the kind c^an b« 
expected when the wounds have iMJCorne large hollows 
partljr filled witli decayed wotal. 

Finally, it may be noted that Branch f banker has 
not proved the serious menace the tea industr)' which 
it was presumed to be in t^^ylon when first noticed in 1903 
or thereabouts. It is proliahle f lint, ns is so often the case, 
the injuries then observed were the result of neglect, or 
indifference, extending over many yearn, 

Branoh (Iakkkr 
{Nmirm sp.) 

A hmnch canker, attrihutel to a species of Nnirm, was 
briefly tlwicribed by Watt and Mann in 1903, from specimens 
obtained in Northern India, It attat^ks Jmth young twigs 
and old stems. On the young twigs it causes the, charac- 
teristic appearance which is known as Canker ** to the tea 
planter,- the twigs aie irregularly thickened, swollen patches 
of brown healthv tiwoe alternating with, or surrounding, 
sunken blaokenai areas, frequently wiOi thin dad stimnw 
of the original wrtex overl3ung the whole and giving it a 
ra^ed loox. On the old stems, It caum lai^ oi^n wounds 
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whic,h c)ft(‘.n spread until they ring the bush. ’'J''he effect on 
the young stem has been described as similar to that of 
severe injury by hail. 

I'he disesivse has since been investigated by the Scientific 
Officers of the Indian Tea Association. The fungus is a 
wound parasite which effects an entrance into the stem 
through snags, wounds caused by hail or by cattle, etc. 
The surrounding healthy bark forms a callus round the wound, 
and thus gives the characteristic lumpy appearance to the 
diseased twigs. After a short time, small pink cushions, 
one-sixteenth to one-eighth of an inch in diameter, appear 
on the bark of the diseased places. These cushions are 
composed of conidia, the first type of spore. Idle second 
type of fructification, the Nectria, does not appear until 
some months later, generally not until after the death of the 
bush ; it is a minute red sphere which is produced in small 
clusters on the diseased areas. 

I’he fungus which causes this canker spreads downwards 
in the wood towards the root, and its mycelium can generally 
be found in the wood considerably below the point at which 
the effects of the fungus arc made obvious by the death of 
the buds and the production of the pink fructifications. It 
is therefore necessary, in dealing with this disease, that in 
any attempt to remove the infected branches by pruning, 
they should be cut back well below the point at which the 
effect is evident externally. Dead thin twigs should be cut 
off with three or four inches of living wood, and thicker 
branches with even more. In the case of a badly infected 
bush, collar pruning is advised. All the cankered prunings 
must be burnt. Where the disease is serious, a general 
spraying with Bordeaux mixture immediately after pnming 
is recommended. 

The NeMrid found on tea branch cankers in India has 
been ideutificfl as Nectria emrni Rutgers. The disease may 
kill a bush in two or three years. It is stated that it can 
be stopped by pruning out diseased stems and applying lime- 
sulphur solution immediately. 



Branch J’ankkh 
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TIuh Hfinn (liscasc huK itccn m’i»riifd only from (Vvltm, 
where it is hiirly generally dint rilmtial. Its mi ion on the 
bimh is variable : in Home casi's. «»r under Home eonditiotiH, 
it iner<‘ly eaiiHeH liraiieh ('anker; in otlnTH it kills back 
th(^ younger hIiooIh, or the “ red wood," atJil may ultitnately 

travel downwards and kill the 

1 bushes eoinplefely, esj»ecia!ly if 

they are young. In a few 
instnuees it has eaused eon- 
*4 siderable datnage in new 

1 C ^ clearings, about three or four 

* y<*ar.s old, and a large number 

lutshes have lieeii killetl. 

indications of the 
■ diseasit usually apjieur in the 

• rainy sesisfut. when small, slightly 

k%'' stmken, dark patches may be 

'/<l^ found »»n branches alauit a centi- 
"'■mJ / metre in diameter, t>. t»n the red 

I w'o<Kk 'f'hes** pati'hes are tisually 

j oval, running tongitndinaliy up 

the stem for about two or thr»!e 
centimetres, with a breadth up tf» 
Kw. at. Mwmuiunm lAcinAi, pp-. one «*ent ifuet fe. The l>ark over 
•teM.* *ru!' ***'’’ thewt patches is blackened intern- 
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a white circular area, bordered by a l)lack line. As a rule, 
this is a Macrofhnnm, which has been named Macrojihoma 
theimla, but another, higher, stage of the fungus may be 
present, which cannot, be distinguished from the Macrophoma 
except by mic.ros(;opical examination. 

In many cases, the activity of the fungus is ariusted after 



it. has killed small areas of the bark, and, in the subsequent 
growth of t.he stem, these areas, owing U) the death of the 
cambium, remain depressed below the general level and 
become surrounded by a swollen callus. The stem coris<^- 
quently bears numerous wounds, or cankem, up to an inch 

mgltl] 
om 
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low-country (listricrts of deylon. I'hc original bark imually 
persists within the wound, and the fructifications of t lie fungus 
may be found in it. 

fn other cases, tlie bark is blackened and killed uniftirmly 
down to the base of the branch, and the disease may continue 
down the main stem and into the root. As the brancdi dies, 
the leaves naturally wither and ultimately fail off. In this 
case the wood is uniformly discoloured, pale brown or greyish 
brown. The Mdarofhmrui fructi filiations occur in large num- 
bers all along the dead branches, and cause 
very minute cracks in the surface of the 
bark. In this form, the disease is a typical 
“ i)ic-back.” 

In old bushes, the fungus often attecks 
the younger branches, the retl woml, at 
their base. The whole branch may then 
die off, though the bark and wood are 
discoloured only in the lowest three inches 
or so, the death of the upper part being 
due to the stoppage of its water supply . 
In many cases, 'however, only the outer 
tissues of the lower part of the branch 
are killed, and the centre is still able to 
conduct water to the upper parts. Hence 
the upper part of the branch continues 
, to increase in thickness, and consequently 
becomes much thicker than the lower 
MeKrwpimma ihtirMn part, witli a gnarled callus at its lower 

at «to iMwe of a Ktetn. /«• o«\ 

x4. edge (big. 36). 

Combinations of the appearances de- 
scril>ed above are not uncommon. The fun^s may at first 

E reduce small cankers aloi^ the stem, and iwme months 
iter renew ite activity and kill off the cankered branches 
conmletely. 

ConsiiCerable lo^ has been caused bv this disease in young 
tea which had not been cut down. The bushes consistol of 
a short main stem which bore three or four erect branches, 
up to four feet in lengtih. At first, small cankers were formal 
on the branchy, but sulwe^uently the whole branch wjts 
attacked and died, and the disease travelled from the branch 
into the main stem. On some bushes only a single branch 
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was affected, but in very many cases, all the hrancshes were 
attacked and the bush died. It is noteworthy tliat this 
complete destruction of the bushes occurred in the dry 
season, and their death was attributed to drought. 

Several species of Neeiria o(;cur on the cankers produced 
by Macropkomu, but they are in all cases saprophytic species 
which only develop on the dead tissues. 

Marrophonm tmicola also occurs on the older stems of 
the tea Imsh and (;au8e8 the typhial Ce^ylon Branch Canker of 
horizontol branches. It attacks the upper surface of the 
branch, and progresses chiefly lengthwise, killing the l)ark 
and blackening it internally, and discolouring the wood to a 
variable depth. Sometimes the diseased area appears blackish 



Fill. SI.— “'An ©Arlj itep (d Braaeh C»tt.k#r cm a hori^cmfcal bmncfh. k f . 

externally, but this is usually masked by the covering of 
lichens, etc., on the branch. The earliest visible indication 
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Tlie frvKitificutuins in the dead branches, and in t he l>ark at 
the base of the wounds, prtidnce spores which will inf<*ct 
other branches, and will convey the disease to the. main 
limbs of the })U8h. The disease may also travel <lo\vn the 
bramdies into tlie older stems. Dead branches should be 
[)runed off below the discoloured part, and cankered branch(‘s 
i)elow the wounds. Where the diwjase is s<wious, the bushes 
should be sprayecl with Bordeaux mixture after pruning. All 
dead and cankfwed primings must be burnt. 

A higher (perithec.ial) stage of this fungus is often found 
with the Mnerophonm stage in the woumls on the smaller 
stems, and in some cases it has been tlie tmly stage discoveretl 
in the course of formation of Branch (‘anKer on large hori- 
zontal branches. 'I'liis higher stage has been named Dmno- 
tamis mykiim : it is indistinguishable from the Macmphoma 
except by microsc^opic examination. 

Pink Disbank 






IV 


STEM DISEASES 


101 


'I’lu' (liHwisi! i.s readily ideal, ilied hy the. tliia pitd< in- 
crustation which it forms on the hranclies (IMate II., Fig. (i). 
'I'hi.s is at first continuous, but it afterwards cracks into small 
fragments, the cracks being more or less at riglit angles f.o 
one another. The, incrustation may clothe the twig uniformly 
all round, or, more generally, it may be (umfined to its lower, 
or more sliaded, side. 

In addition to the pink sheet, which is the fruc.tific.ation, 
the fungus may he present in two other forms. Otu; of these, 
which prec'edes the pink inc^rustation, consists of a numlxir 
of fine silky threads united into a thin film, 'riiis overruns 
the braiKdi, and is generally to be observed as a c.ontimiation 
of tlie pink sheet when the fungus is growing acstively. In 
other words, the fungus generally begins as a series of fine 
silky thremls traversing the branch, and the pink fmetifica- 
tion develops later on the film formed f)y these. 'Fhe third 
form of the fungus consists of minute pink cushions which 
are produced in cracks in the hark : this form appears to be 
uncommon on tea. 

The mention of fine silky threads in connection with 
Pink Disease has led some readers of my<t'ologi(;al literature 
to class it with the 'rhread Blights. It does not, however, 
bear any rcsemblanee to Thread Blight. In the latter, the 
white or pinkish threads which overrun the hrancdies and 
leaves are stout cords, visible to the naked eye from some 
distance, but the silky threads which constitute the first 
stage of Pink Disease are distributed in an extremely thin 
film and are barely perceptible unless the brantdi is examined 
closely. The Pink Disease fungus is not found on the leaves, 
as the Thread Blights are. 

In some cases, the mycelium of the ftingus permeatas 
the bark and the wood, and the twig or branch is (jompletaly 
killed. But in many instances the bark is killed in patches, 
and if the fungus penetrates into the wood whore the bark 
is dead, it dotis not cause sufficient injury to kill the branch. 
VVium such a branch, in the normal course, irnsreiisc's iu 
thickness, growth takes place only over those areas on which 
the hark lias not h(ien killed, and hem^ it becomes irregularly 
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of Pink Disease, on t.wigs <lown to otie-lenfh <»f an inch 
in <lianieter (Fig. 33). The (i(*a<l hark is not cast off, hut 
remains at the l)ottom of tiie sunken areas, ragged and 
fd)rous on the younger twigs, or smooth and l)Iaekened on 
the larger. I’he pink tissue loses its colour when old and 
hecomes white ; as a rules it elritis during tlite dry weather 
and disappears, hut a (careful exaniinatiein witli a lens will 
erally rtweal minute patches still adliering to the d(*ad 
k. 

This localised killing of the hark, without thee teda! 
destruedion of the hrancli, often leeids to the product ior» of 
curious malformations. In one instance, the fungus 
travelleHl down, Jind killed the hark, on a vertii-al stmn, 
but had not attacked the lateral hranclies which sprang 
from it. These lateral branches contintied te) incTcase in 
thickness, while the main stem did not ; as a result, each 
lateral branch developed at its base a collar or flange over- 
lying the main stem. 

On the older branches of tea, the fungus may grow along 
the upper surface and kill the bark over a comparatively 
narrow area running lengthwise of the branch. When the 
fungus ceases to grow, the branch develops a swollen margin 
round the wound, and thus the typical canker of thick 
branches is produced. The dead bark persists for some time 
within the canker, and often shows the superficial fungus 
pateh, generally hleachwl white. If the hush is vigorous, 
the wound may heal over completely ; and experience 
proves that an excess of |K>tash in the manure applied is of 
great assistance in promoting this recoveiy. But in most 
cases, water lodges in the wound and assists de.cay, while 
other fungi, otherwise harmlma, grow on the dead lairk and 
wood and gradually hollow out the branch. 

Attacks of Pink Di^ase on tea in Ceylon usually occur 
towards the close of the monsoon rains. The disease is 
propagat^ by spores which are prtxiuced on the surfat'O 
of the pink patches. The fungus belongs hj the Bmidm- 
myee^, and the pink patch consists of erect hasidia jair- 

f endicular to the bark, clcNwIy packed togtither ami each 
earing four spores. Ite occurrence m any new Iwrality is 

'down from some i^>t 
however, is so wklely 
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(li8tril)nte{l, and is foutul on ho many kindH of plante, that 
it is not poHHiblft to prevent its attackn hy removing any 
partieiilar kind of tree or Hhrub. I'fie disease appears to fio 
worst on tea bordering on, or partly mirronnded by, jungle, 
ami it generally ttiakes its appearance on buslies two or 
t hree years from pruning. 

Affected i)ranc!fie8 should be pruned off and burnt. As 
the extent of an attack on a bush can l)o clearly seen, it 
tnight be c-onsidered that the removal of all branches whi(;h 
bear the fungus wouhl be sufficient to «*,radicate the disease. 
But experience has shown that that is not the (;ase. In 
practice. Pink Disease has proved very difficult to get rid 
of, and even when the pruning has been most c,arefully 
carried out, it will often recur (luring the next wet season. 
It must be strongly advised, therefore, that, after the pruning, 
the pnmed bushes and those surrounciing the affected patches 
should 1)6 sprayed with Bordeaux mixture. 


1)ib-ba(;k 

{Neciria dnnabarim Fr.) 

A die-back of tea caused by a Nectria, Nectria (dnnabarim 
¥v., has been recorded from Northern India. The bushes 
attacked by the fungus become moribund, but rarely die 
completely. The sterns die back, and the new slioote whi(;h 
arise lower down are generally thin and weak. Healthy 
shoots may in some ceases spnng up from the collar, hut 
these are soon attacked and redmied to the same state as 
the older stems. The general appearance of the bushes is 
similar to that of bushes badly attacked by Red Rust. 

The fnuitifications of the fungus appear on the diseased 
shoote, sometimes before, but usually after they hav(5 died. 
The first form which is produced consists of small pink 
cushions, about one-thirty-sccond of an inch in diameter, 
and these are generally present in large numbers. This is 
a conidial form, which bears spores on the srrrface of the 
cushions. Subsequently, a pentheciai stage appears which 
consists of minute dark red spheres, eiteer sinj^ly or in 
groups, sometime attafshed to the conidial cushions, but 
more usuaEy separate from them. This peritheeial form is 





a Ncclria. Each HphiM'c is fntni one fdrtii'tli t(i 

of an inch in dianiclcr, and contains spores ciu-loscd in asci. 

Inoculation experitnents have shown fiiat tlic fungus can 
attack wouruhMl shoots !>ut not uninjured ones. In practici*, 
liowcver, this difference is unimportant, as the futsgus can 
enter the shoots tlirough the wounds caused by plucking. 

It has been found that tliis disease is prevalent in t he 
neighbourhood of certain trees, especially Ttis (Almm 
wjHihmvi) and Umpld {Pi/rularia ('(IhHk), and <*onsi(lerable 
damage has been causecl on some estates where It is trees 
have l)cen planted as wind belts, in other cases, species 
of Erythritui have }>roved to la* centres ctf infection. In- 
vestigations have, sliown tliat t he Nerlrin at tacks t he flowering 
shoots of these trees, and spreads from them to the t4*a. 

Consecpiently, in dealing witij tins <tiseH.H<*, it is necessary, 
in the first plae<!, to remove trees which are known to harbour 
the fungus. The, diseased })ushes should then in* pruned 
back to good wood, and sprayed with a fungicide immediately 
after pruning to protect the <mts frotu possilde inf«*{’lKm. 
It is esse.ntial to cut well hack below the dead narts, as tlte 
fungus is present in the stent some <listanee Imuow the part 
which is evidently diseased. All the prunings sltonld !)e 
burnt immediately on t he spot. 


IhK-ltACK 

{HtiUxihi TJmw Ih*niartl) 

A die-back, caused by Stilbelh Thfoc, has lajen record(‘tI 
from Java by Bernard. On the bushes affet^ed, the leaves 
of some of the branches withered, and the bruiuthes tlried 
up and died. This effecst spread from hrarn'h to l»ran<*ii 
until the bush died completely. The bushes were attaekt»d 
singly or in fairly large groum. 

()n the diseased branches, there soon appeariMl large 
numbers of fructifications in the form of minute orange-red 
stalks, expanded above into a small heaii. In some Cases 
these made their appearance oven liefore all the leaves 
had withered and fauen. They occurred on all the branches 
attacked, and were sometimes so numerous as t<} cover the 
branch witii a velvety layer. The single fructification is let»i 
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nillimetre high. Its stalk is red, dark I'ed-lmnvti 
ase, becoming clear orange-red above ; head ih 

ind rose-coloured. 

stated that this disease is not generally flarigciroiiH, 
■ become serious in some instances. Badly diHCiawMl 
should be uprooted and burnt. On hushes less 
" affected, the diseased branches should 1»<*. (iruned 
burnt. Pruning cuts should be tarrcsd, as it is 
} that the fungus obtains an entry througli wounds, 
ned bushes, and those in the immediate neighbom- 
[ the diseased patches, should be sprayed witli 
tx mixture. 

disease is worst on low-lying, badly drained land. 


Die-back oe Pluckeb Shoots 

le ordinary course of plucking, where a length of the 
shoot bearing one or two leaves is left on the buHh, 
iequent new growth arises from the 
the angle between the stem and the 
ost leaf. This process is continued 
plucking, so that the extension of 
y takes place in a zigzag or angular 
, though this is not noticeable on 
tured twig, because it straightens 
b becomes woody. The short length 
a stem which was left above the 
.ost leaf dies and falls off. 
lome cases, however, the whole of 
iked shoot blackens and dies back to 
). A new shoot is then produced at 
e of the dead shoot from the woody 
the branch. This second shoot, in 
oay die back when plucked, and be 
led by a third shoot from the same 
nd the process may be continued until a brush, 
r’s foot structure, of dead shoots, or rather ludf- 
is formed at the tip of the branch. Ah ii frc(jtit?nf 
m of this, one shoot may develop nornmlly 
five have died back, and this may be nttac-ked by 
ease later, with the conseq^uent formation of ttnr>thcT 
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structuro of 1 ho hiuiu^ kind higher up ; t iia hnwhoH ttf (load 
shoots uro situiit«5d, in tiuH ('jisc, IxPh at the ond and the 
sides of the branch. 

Pcdahzzia Tkm', the (»rey Blight fungus, has been 
found on the dcnul shoota in scsveral eawis of this die-back, 
and it is probiilde. that this fungus is otics canst^ of it . Bi'rnard 
has recorded a similar blackening and dying lun'k of plucked 
shoota in Java, but he does not descTibi^ the death of suc- 
cessive shoots which leads to the formation of u brush ; 
indeed, ho states that in the case referred to by him, new 
shoots are prodiuied after the death of the first, and the 
disease does not progress further, (Jonseciuently, the damage 
done in such cases is not serious. It is, however, of interest 
to note that among the parasites found by him on the dewi 
shoots were Pestalozzia and Cephukuros. Bomatti suggests 
that the spores of Peatalozzia, ete,, nmy he iratisferred to 
the broken end of the shoots by the plueker ; if t he pinc.ker 
were to touch a CephaUmroa pateh or a heap of Pfatahzzui 
spores, she would very probably inoculate the sh(K>t phick«d 
next. But in view of the fact tliat neither of these organisnia 
oocura, as a rule, on the shoots which am being plucktKi, 
this explanation would appear doubtful. Nor does it appear 
to be required, seeing tnat the spores of Iwth are usually 
common on the older leaves and can bo easily distributed 
by the wind. 

In one cKxsurrencie of this type of disease in (Jeylon, 
the fungus which was present on all the dead shoots was 
DulymoHtiUm Coffem, a species which was ftrat discovewKl on 
twigs of coffee in Java. The shoots are covered with minute 
erect haira which, when viewed with a lens, are seen to lie 
short white stalks, surmounted by an oval, or spherii'al, 
reddish head. These hairs, which are the fructifications of 
the fungus, are onlv about a millimetre high, but they are 
easily seen when the shoot is held up to the light. They 
resemble the fruoti^tions of St^Ua Tkme, but have 
spores which are dividUsi into two parts by u crowf-wall 

The attacks of th«»e diseases observed in Ceylon have 
usually OMsurred on tea which was due for pruning, or which 
had been allowed to mn b^ond the normal pruning time. 
They may be taken to dmiote a lack of vigour m the bush^, 
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w’liich rt*ii{i(‘r.M tfii' shoots leKH jihki t-o wit.l»«taii(l t.h (5 

w'ound |)uraHik’H \vlii<-lj niny (lpivel(>[> on the (uit Hurface. 
No inHtiince lian hoeti recorded of tlieir rejippeariineu after 
pruning. ’’I’lieir oceiirretuif! may pcrliafw he regarded an a 
sign t luit tlie Hy.Hteiii (d eiiltivation [jraetiaed is inHuftkaent. 


Thorny Htkm Bwojit 


{AijliioMjHtm (imlmtn I’etcii) 


This <liHease liiiH Iteeii known in for Heveral years, 

and i.M g«merally distributtYl in sotne distrittf s, hut it has not. 
l>e«!n found to eanse any 
great damage. As a rule, 
it kills off single hranehes, 
from one to two inches in 
diameter. It is reudily 
recognised by the black 
thorns which are prcKiueetl 
on the dead hmnehea. Thi'se 
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Th(^ fruciifu^ution of llu* fungUH ih foriii(‘il within tin* hark, 
and an it (l(*veloj)s it rai.Ht's f lie outer layers aial raitses them 
to erack. '[’he liiaek a[)ex proji'cts about a, millimetre above 
the surface and constitutes the characteristic thorn. 

If not treated, the fungus spreads into the main stem anti 
ultimately kills the hush. 'I'he specimen figured was taken 
from such a case, the thorns tlmre hc*ing borne tm a piece 
of the main stern. 

[feud branches should be cut off and burnt. It will be 
necessary to cut out all the diHcoloured wtmd in ordirr to secure 
the removal of all the fungus, and in many eases this w'ill 
entail collar pruning. 

MAHfiARtA THKK'OLA Fetch 

The most general symptom of this disease is the gradual 
death of the upper parts of bush, liraneh by branch, often 
accompanied by the prcHluction of new shoots at the collar. 
The affected brarudies nuiy die gradually, the leaves withering 
and falling off and the branch slowfy dying back to the 
base, or tney may wilt suddenly, a branch whh;h is green 
and vigorous in the early morning having all its leaves limp 
and drooping before midday, just as though it had l>een cut 
off and left exposed to the sun. 

This disease has hitherto been rermrded only from Ceylon. 
There it has occurreri, chiefly in mid-c;oimtry districts at an 
elevation of from 2500 to 4000 feet, on tea from three t^i ten 
yeara old. It is not associated with any particular type of 
soil, though probably the majority of cases have been on 
patana land. It has not, however, proved a vgry general 
or widespread disea^, and few cases have been met with 
during the last ten years. 

On di^ng up an affects bush, the roots are found to 
be perfect cfean and healthy. This disposes of any sugges- 
tion of root disease. Indeed, the production of new shoots 
at the collar is strong presumptive evidence that the cause 
does not lie in the roots. 

As already steted, the death of a branch sometimes m'.mm 
quite suddenly. But the prf^ress of the discMe to such an 
extent as to involve the death of another branch on the same 
bush is usually slow. In other cases, the ieavtjs turn brown 
and wther back from the tips, or they become yellowish and 
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fall off, leaving the branch leafless. After a short time new 
shoots may arise along the branches, but these are always 
yellowish and sickly, and they gradually die back until the 
whole of the branches are dead. But the death of the bush 
as a whole is of rarer occurrence than that of single branches. 
Whatever the earlier symptoms may be, a growth of healthy 
shoots nearly always takes place from the collar, or lower 
part of the stem, after the upper 
part is dead. 

There is no external evidence of 
the fungus on the stem or branches, 
but if the bark of the main stem is 
scraped certain areas will be found 
to be blackened internally, and if the 
wood underlying the blackened bark, 
is cut it will be seen to be a rather 
dark brown. The best way of ob- 
serving the effect of the fungus is to 
saw through the main stem longi- 
tudinally, so that the cut passes 
through the part where the bark is 
discoloured. If the cut has been 
properly directed the presence of the 
fungus in the stem will be immedi- 
ately evident. The wood, in part at 
least, is the colour of walnut wood, 
and contrasts strongly with the 
yellowish or white colour of the 
healthy parts. If the whole bush 
is dead the discoloured area may 
stretch completely across the section, 
but in cases where only some of the branches have died, it 
is usually confined to one side, running vertically down the 
stem and extending to varying distances across it. 

If very thin layers of bark are cut off the blackened areas, 
minute white circular patches may be detected in it with 
the help of a lens. These are the fructifications, or rather 
the contents of the fructifications, of the fungus. But they 
resemble those of Botryodiplodia or Macrophoma, and caimot 
be distinguished from the latter two without a microscopical 
examination. 



Fig. 40. — Longitudinal section 
of a stem attacked by Mas- 
saria theicola. x 4. 
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The fungus lives entirely within the wood and the hark, 
and forma its fruetificiations in the latter. Its hyphio per- 
meate the vessels and fdjres of the wood urul cuuse the dis- 
coloration already referred to. The wood do<‘H not look 
decayed ; it is almost as hard as normal wood, d'he death 
of the bush is brought about, not by the <liHintegration of 
the tissues, but by the stoppage of the water supply. 

In some cases the fungus appears tt> attack the stem 
first of all at some distance above the ground. It then 
advances both upwards and downwards, keeping in many 
cases to one sicle of the stem only. Thus in Fig. 40, 
which illustrates a longitudinal section of a forked stem, it has 
progressed along one side and killed off one branch, while 
the other remains quite vigorotis. It sometimes happens 
that the mycelium advances across the base of a small 
branch and cuts off its water supply, thereby causing it to 
wither and die without actually entering it. When the 
spread of the fungus is more general from the beginning, there 
may be a general defoliation, followed by an unsuccessful 
attempt to produce new shoots over the whole bush. 

Infection appears to occur through slight wounds on the 
stem, or through the stubs of small branches- Instances 
have been observed in which the disease began from the 
pruning cut at the top of a stump ; for that reason the 
disease is sometimes a serious one m young tea which has 
just been cut back. 

The disease appears to be most prevalent in dry weather. 
This is due to the fact that the growth of the fungus hinders 
the supply of water, and thoi^h the hush can struggle on 
during the rains when its denaanos for water are at a minimum, 
it succumbs as soon as the dry weather necessitates' a greater 
supply. Infection is conv^^ by spores which are expelled 
in a small drop from the mictifications in the bark, and it 
is most probable that this orours during the rains. 

The dissemination of spores must be prevented by cutting 
out and bumii^ the diseased parte. It is, however, not 
sufficient to out off only the dead branches, as the fungus is 
not confined to these. In practically all tjases the fungus is 
in the main stem, and the bush must be pruned of low 
enough to remove all of it. The colour of the diseased wood 
rendete the afiected r^oa easily recognkable, and the pruning 
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numt go below that. The section should be exatnined to 
ascertain whether all the distiolourcd wood has been removed, 
and, if not, it must be pruned lower. If the disease has 
desc-ended into the root the bush should l)e dug up and 
burnt. In the case illustrated in Fig. 40, a c.ut just 
below the forTc would have been shown discoloured wood 
over half tlie section, and it would be necessary to cut still 
lower. This is a case in which the disease is well advanced, 
and is in fa<!t already below the ground level. 

Where the disease is prevalent, pruning cuts should be 
tarred, or covered with sfjrnc other preservative. 


Htomp Rot 
{Irper, ileMruem Potc.h) 

1’he name Stump Hot ” has been used in some countries 
as a synonym of “ root disease.” It is employed here, how- 
ever, m what would seem to be a more correct sense, vix. to 
denote a decay which sets in from the top of the main stem 
in old bushes. 

In the case of the present disease, specimens are, most 
generally submitted for examination with the information 
that the bushes are dying out in the middle. That is the 
symptom which attracts tne attention of the planter. On a 
large old bush, which is built up of numerous branches 
arising from a short, stout main stem, the branches in the 
eontre of the bush die, and this condition gradually extends 
outwards until the bush “ becomes hollow.” Naturally this 
particular effect is more likely to occur in up-country dis- 
tricjts, where the bushes are in general larger than in the 
low country. In Oeylon the disease has been recorded only 
from the highest elevations. 

The type of bush attac;ked is one which consists of a 
st-out main stem, 3 to 4 inches in diameter, from which the 
branches arise laterally-" that is, a bush has been pruned, 
when full-grown, low down on the main stem. The disease 
has not lieen olaserved on bushes the main stem of which 
forks into several stout branches. 

On examining a disea^i bush it is found that the wood 
at the top of the stump is soft and rotten and of a yellowish 



coloxir. The (leeway goes on most rapidly in tlie centre, so 
that the region affected is more or less cup-shaped. In some 
(iases a hollow may he formed, hut in ot Iters tlu^ rotten wooti 
nunains m ailu. As the disea.se progre.H.ses it ultimately 
attiicks the outer layers of the wood iiml the hark, Iteginning 
with that at the upper edge of the cup. ('onseqtumtly the 
hranches whic-h are attatdied to tint nuiin stem at its highest 
point die first, tind these tire the hranches which form the 
(icntre of the hush. As the rot e.xtends farther down more 


Fw. 4L — ieMrmm on a itiitiip. 


branches are killed, and thus the “ hollow ” 
in the middle of the bush gradually increases, 


bushes in the field, though it would no doubt develop on the 
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briW'kets one above the other from top to bottom. The 
upper .surface of tfa^ Iioriziontal brackets varies in colour from 
r(‘(i-bro\vn to pale ochraceous, and is frequently zoned with 
these colour.s (i’late II., Fig. 7); the under surface and the 
vertical plate overlying the stem arc pale ochraceous. The 
brackets are thin and tough, and the upper surface is usually 
radially ridged. '^I’he under surface of the bracket bears 
numerous downwardly-direcded teeth, and these also cover 
the vert,i(;al parts on the stem : the teeth are triangular, 
flattened, and up to 4 millimetres long. From the shape 
f)f the fructification the fungus is an Irpex, and it has l)een 
named Irpex destmens. 

I’his fungus is very common on stumps and logs in up- 
country jungles in Ceylon, generally on stumps of trees 
which have been felled. It is primarily a fungus whi(;h 
attacks dead wood, and it is only known as a parasite on 
tea in cases where a very large pruning cut has been left 
unprotected, so that it could obtain a footing on the exposed 
wood. Obviously its attacks would be prevented if the cut 
were protected by tar or some other preservative, and this 
sliould always be done when large bushes are pruned low 
down. Bushes which have alrca<ly been attacked in this way 
should be collar pruned and the wound tarred. 

Neglect to protect such pruning cuts inevitably exposes 
a large surface of inert wood and affords a nidus for many 
species of fungi which are otherwise harmless. It may, 
consequently, be expected that the condition described above, 
viz, the gradual death of the bushes from the centre, will be 
induced by the attacks of other fungi than Irpex destruens, 
the ])arti(;ular species varying according to the district. 
Irpex destruens happens to be a common stump fungus in 
(!(iyIon up-country districts. In Darjeeling a similar condi- 
tion has been recordetl by Watt and Mann, under the name 
of Darjeeling Btem Blight, Their description is iis follows : 

“ In the higher parts of the Darjeeling district there 
will be noticed, on almost every garden, a number of bushes 
dying from the (jentre, apparently without reason. It was 
never noticed beh)W 4000 feet, and appears often on isolated 
l>uHhe8 all ov<u the property. In some gardens it is one of 
the most serious blights on the place. On cutting one of the 
stems whi(;h is dying, the centre of the wood appears to be 

1 
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turning black, and this appoaranc'c, wn arc informed by 
Dr. Butler, is due to a fungus attacking the stem.” 

No further information has been published regarding this 
Indian disease, and the details given are insufficient to enable 
any definite conclusions to be arrived at, but it would seem 
probable that this is another disease which should be classed 
as Stump Rot. 

Velvet Blight, etc. 

{Septohdsidium spp.) 

In the Tropics one often finds the branches of shrubs 
and trees encrusted by a fungus without suffering any 
apparent damage. The commoner forms of these fungi 
completely clothe a branch with a rather loose covering, 
1 to 2 millimetres thick, for a lengt.h of a foot or more, 
and, on shrubs in the jungle, they may spread from the 
stem to the leaves. Several of these octmr from time to 
time on the tea bush, and sometimes alarm the planter 
by spreading over all the upper branches. They vary in 
colour, but are generally brown or purple-black, not brightly 
coloured. 

One of the commonest species of this habit on tea in 
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species of this genus have the peculiar two-storied structure 
noted above, though in some the supports of the upper 
layer are columns rather than hairs. But there are also 
in the same class species which only show the double 
structure under a microscope, and consist of alternate 
layers of loose and dense tissue. These usually form con- 
tinuous sheets, loosely 
woolly within, but with 
a smooth outer surface : 
when old the surface 
generally cracks. One 
of these denser species is 
common on tea in Ceylon, 
generally at the base of 
branches about half an 
inch in diameter. It is 
purple-hlack, and looks 
like a compressed piece 
of wadding wrapped 
round the stem. It is 
often mistaken for the 
mycelium of RoselUnia, 
but it does not run up 
from ground level as the 
latter would. 

A species very simi- 
lar to the last occurs on 
tea in N orthem India and 
has been named Velvet 
BHght. When fresh it is 
blue. It occurs on sub- 
erect steins up to about Fio.42 . — Septobaaidium on a,t&&hwh. xj. 

an inch in diameter. 

Another Ceylon species found on tea is illustrated on 
Plate II., Figs. 8 and 9. This is more compact than the 
commoner species. The margin is slate-coloured or French 
grey, transversely zoned, with the outer advancing edge 
white. The older parts are purple-grey or browmsh grey, 
and crack into minute rectangular portions. This species 
was found on seed-bearers, where it clothed the long stems 
for a length of several feet. 
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HpcH'ioH of ticftohamlium do not grow up the stenifs 
of the l)UHh from the ground. Like the Tiiread Bligfits and 
HorHe-hair Blights, they begin to grow on the branches 
and advanc(‘ thence upwards. But the peculiar feature in 
their life-fiiatory is tliat. they are not, at first, parasitic on 
the bush, '^rhey live on colonies of scale insecds on the stem 
and kill them. If the. fungus is scraped off the stem the 
remains of the scade insects will be, found as small wliite 
patches lying on the bark, and, as a rule, the stem l)eneath 
will be found to be healthy. 

These fungi are (mnscquently l)eneficial, in that, when a 
bush is badly infested by scale insects, they grow ()ver the 
insects and destroy them. 'Fhe purj)le-black Oeylon species 
already referred to, which oc(;urs at the base of tea liranches, 
a])pears to show a preference for the insect Chiomupia 
biclavin. 

Unfortunately, however, these fungi in many c-ases fail 
to maintain their reputation. After the colony of scale 
insecda has been destroyed, they may attack the stems of 
the bush and kill them. This omirs in India in the case of 
Velvet, Blight, the hyphm of which penetrate through the 
bark and int,t) the wood, chiefly along the medullary rays. 
Bimilarly, the (kjylon species figured on Plato II. killed the 
tea stems after it had finished ofi the insects. The same effect 
is reported from Japan, where several species of Hepto- 
banidium have now been proved to be parasitica on plants. 
In that country Bepobasiclium Aeaciw, which oc-curs on 
tea and Acacia, is known to kill the latter ; Hc^ttdxmMuni 
pedkeUalum attacks the mulberry ; and a species of a 
slightly different genus, Eelicaha$imum Tanaf^, attacks tea 
and many other plants. 

Consequently, although in many cases these fungi arci 
assisting the planter by killing scale insects, they must, ho 
got rid of, lest they subsequently attack the tea. No case 
of serious iniury caused by them i&as been recorded in Ceylon, 
but in Northern India Velvet Blight has spread rapidly and 
has done considerable damage. 

Dead branches which bear the fungus should Imj cut off 
and burnt. Where the bushes are infested, Imt the branches 
have not been killed, the fungus should Ims brushed off, after 
pruning, using Lime-sulphur nuxture or one of the caustic 
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Hilda wanhcH. In India it has been found that the be-Bt 
nudfiod of dealing with Velvet Blight is to Hpray in the 
cold weather, after pruning, with copper-soda emulsion to 
kill the fungus, and, a few days later, to brush off the dead 
fungus and spray the bushes again. 

Where tliese fungi are prevalent, obviously one method 
of preventing their attecks is to treat those bushes wliich 
are infested with scale insects with an insecticidal wash, 
and so remove the host on which they first obtain a footing. 


The Grbiy Fungus of the Dadac 

Under this title Bernard has recorded a disease which 
attacks dadaps in Java, and passes from the dadaps to fdie 
tea. He states that it has not caused serious damage on 
tea, but where the tea is interplanted with dadaps the 
planter should look out for it. When the fungus attacks 
a large branch it forms a grey patch, circular in outline 
and clearly defined, which extends gradually from a cjcntral 
point. When on a small brancdi it complc'.tc'ly surrounds 
it with a gney ring, and the part, of the branch above the 
ring dries up. 

A similar fungus has been found on dadaps in Ceylon 
on one occasion only. The Ceylon fungus is a species of 
Septohasulium. It grew on branches about inches in 
diameter, and formed oval patches up to 3| inches long 
and 3 inches broad. These are grey, or purple-grey, with 
a whitish margin, smooth or slightly broken at the 
margin where the upper layer is not yet cmmpletoly 
formed. The patehes are up to a millimetre in thickness, 
and have the usual two-storied structure, though this is 
scarcely evident without a microscopical examination. This 
futigUH has not yet been observed to cause any damage. 


lliNcuNo OB' New Shoots from Collar-pbunkd Bushes 

Collar pruning — i.e. cutting across the main stem at ground 
level - is an operation which one reads about but seldom sees 
nowadays, though there is evidence on many estates that 
it was formerly more general. From a mycological point 
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of view it is fortunate that the practice has fallen into 
disfavour. When a bush is collar pruned all the new shoots 
must necessarily arise at groimd level, and there cannot be 
any development of a new main stem. The old wood decays 
down from the top, and the bush becomes a cluster of stems 
arising from the shell of the old main stem. In the most 
favourable case the new stems produce roots, and ultimately, 
when the old stem has disappeared, the bush is replaced by 
a group of more or less independent single-stemmed plants, 
usually weak and unthrifty. 

As far as is possible, cutting back the main stem of the 
bush should be avoided. It is sometimes necessary to do 
so in the treatment of stem diseases and branch canker, 
but it should not be done merely as a pruning operation. 
When all the branches arise from ground level, the danger of 
attack by Rosellinia is greatly increased, because of the 
accumulation of dead leaves in the base of the bush. Further, 
it is impossible to treat some stem diseases properly if there 
is no main stem to cut back on. This question deserves 
more attention than has yet been given it, especially as 
regards the first cutting back of yoimg tea, for it is that 
which decides what the main stem of the bush is going 
to be. 

On one estate in Ceylon, after bushes had been collar 
pruned, the new shoots grew to a height of about 18 
inches and then died back. On examination it was foxmd 
that the shoots were ringed at the base. The bark was 
blackened for a short distance, and then became friable and 
broke up into fragments. Meanwhile, a callus formed round 
the stem above the injury, as in the case of nursery plants 
ringed at the collar. The disease did not extend up the stem, 
but the shoot died because its water supply was cut off. 
Subsequently clusters of shoots developed round the base of 
the dead shoot. 

A fungus, probably a Ehizoctonia, was foxmd to be fairly 
common in the soil round the bush, whence it spread to 
and overran the bases of the stems. Treatment with a 
fungicide during the rains was ineffective. The shoots 
which developed subsequently during the dry weather were 
not attacked. 
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Collar Kot of Nursery 1*lants 

One frequent eauBe of the death of seedlings is an injury 
to the stem just above ground level. The plants lose their 
leaves and die back from the top after attaining a height 
of 6 to 10 inches, and on examination the stem is found 
to be blackened for a length of half an inch or less from 
ground level upwards. The blackened region is usually 
thinner than the parts immediately above and below it ; it 
may be only slightly depressed, or it may be bordered above 
and below by a swollen callus. 

The stem is ringed over a limited 
area. This may prevent the ascent 
of water up the stem and so quickly 
cause the death of all the parts 
above the injury, in which case the 
blackened region is only slightly 
thinner than the remainder oi the 
stem. In many instances, however, 
the injury is at first insufficient to 
cause the stoppage of the water 
supply, and the plant continues to 
live for some weeks, or even months. 

In the latter case, the part above 

the injury increases m thickness, »ugo ; 2, advanced atage. 

using up the food manufactured by 

the Wves. But that food cannot descend past the injured 
portion, and consequently a swollen callus is formed at its 
upper edge. A similar, but smaller, callus is also formed 
at the lower edge of the affected region, owing to the increase 
in diameter of the root and the lower portion of the stem, 
which is able to continue its growth for a limited period at 
the expense of the food stored in the seed. Very frequently 
the lower part of the stem, below the injury, produces two 
new healthy shoots, thus showing that the root is not 
diseased. 

The condition described above has been noted in Java 
by Bernard, who states that it occurred in nurseries which 
were not shaded, and also on plants grown from seed at 
stake. He su^ests that the fungus concerned (which was 
not identified) was introduced witn the seed, as the disease 
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occurml on ])l-int.s grown from iinpoHwl w'od, hut not on 
plants grown frotn .lava h(M'< 1 on the .saino (‘.state. But, 
seeing that. the. plants are not attack(*(l until they hav(‘ 
attained a fair si/.e;, and that the attack is limited to a deli- 
nite region well above the w‘e,d, that explanation would not 
appear feasible. 

Bernard finds the primary cause in an overheating of 
the exposed soil l)y the sun, followed by (*xc{‘Hsiv(( liumidity. 
Owing to the heating of the soil the tissiuw of the stem at 
ground level w(;re injured or made- less resistant to fungus 
atta(!k, and th(( subseejuent humidity favoured the growth 
of the fungus. On both counts the fungus was tin* more 
easily able to attack the young plants. Bernard advisi's 
that afTeeded nurs(iri(>s should be shaded, and. if too wet, 
should be drained. To stop the gr((Wth of the futigus the 
l)eds should be watenui with lime-wnt<‘r. 

It has been proved in Ainerit^a that v(*ry yout»g H(*edling8 
of Pinm, about an inch high, can be kilhal if the surface 
soil is overheated by the sun. In sucli cases tlie |)lant is 
injured at ground level, and the injury often oeciirs on one 
side of the plant only, viz. that which was most exposed 
to the sun. The injured seedlings soon die, and they do not 
develop a swollen callus. 

Similar injuries have been noted in America on seedlings 
of spruce and Douglas fir, several months old, but in no 
(lase was any swelling found above the injured portion. 
Hinging of the stem, with the subsequent formation of » 
swollen callus above the injuiw, only occurs on older nurst'ry 
stock, two to four years old, on which it is well known 
both in Europe and America ; and in lM>th c;ontinents if is 
attributed to excessive heating of the soil. 

Hojkj and Carpenter have destjribcsi the same condition 
from Assam, where it was observed in ihOft. The plants began 
to turn black from the top of the shoot downwards, the 
loaves fell off, and only the blackened dead stem renwined 
standing. But the roots wem healthy, and some of the 
plants produced new shoots from l>elaw the injury. Many 
of the stems bore a swollen annular callus near flie surface 
of the ground — ie. above the original injury — and in some 
cases that had produced new rootlets. 'These aiithow did 
not dkcover any funfus in tihe dead stems. They attributed 
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the effect to medianical injury of the stem caused by soil 
jKir^K les dashed against it by the heavy rains which prevailed 
a . tlie time when this condition of the plants was first 

I he increase in thickness of the stem above the injury, 
and the occurrence of a swollen callus at the lower edge of 
t le sound tissue, indicate that the injury occurred some 
considerable time before it was noticed. Where roots arise 
irom the callus, that time must be still longer. Hence it is 
8(;ar(;ely possible to explain this condition by reference to 
the weather at the time when it is observed. 

On the other hand, the fact that the plants ultimately 
die, and that different stages of injury are found in close 
association at the same time, point to fungus action as the 
primary cause. Further evidence in favour of the latter 
explanation has been noted in Ceylon, viz. the disease occurs 
during the wet season ; it occurs in patches through the 
nurseries, not all over the beds or attacking all the plants 
at the same time ; in many cases the plants at the edge of 
tlie beds are not affected ; when the first shoot has died, 
and two new shoots have been produced below the injury, 
these new shoots may be attacked in the same way. 

The affected plants, in Ceylon, commonly bear minute 
white patches on the blackened constricted area. These 
are the fructifications of a Fusarium, which is probably the 
cause of the injury. That, however, has not yet been 
definitely proved. 

It is probable that several fungi which occur in the soil 
can cause an injury of this kind, especially if the plants 
are unthrifty because of unfavourable soil conditions. It 
is surprising to note in how many cases the affected nurseries 
have been situated on the sites of old cooly lines or cooly 
gardens. In some instances that may to a great extent 
a(5COunt for the presence of the disease, for it is in just such 
places that one would expect injurious soil fungi to be 
rampant. It is generally recognised in Ceylon that tea does 
not do well on the sites of old cooly lines, and that fact has 
b(!en brought forward in support of the theory that tea 
will not endure lime, but it is more probable that the 
explanation is to be found in the existence of numerous 
smi fungi in such localities. 
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1'he dead plaiite should he ujjrooied and burnt, and the 
affected patches, and tlie plants inunediately surrouiuling 
them, should he watered with a solution of Jeyes’ fluid — 
1 oz. to a gallon of water. 


Lichbnk and Mosses 

As in the case of the majority of tropical trees and shrubs, 
the stems of the tea hush, wnen they are old and their increase 
in girth has slowed down to an almost imperceptible rate, 
become covered with lichens. This condition may set in at 
any time when the growth slackens if, for example, the 
hushes are stunted through lack of food or through unfavour- 
able conditions hut in tlie majority of cases it is the almost 
inevitable accompaniment of age. Bushes whose stems are 
(iovered with lichens are often said to be “ hidebound ” ; but 
it must be borne in mind that the lichens are not the cause of 
the stoppage of growth, but the conscquem^ of it. 

The lichens which are found on the stems of the tea bush 
may be classified into two groups, viz. those which lie flat 
on the surface of the stem, and those which form leaf-like 
irregular sheets, attached at a few points and curling up at 
the edges. By far the majority of the tea stem lichens 
belong to the first class, and of these many are so thin that 
they appear to be merely stains on the bark, while few of 
them reach a thickness of a millimetre. White patches, 
uniting with one another, but sometimes 8©parate<l by 
black margins, pinJc patches, or green patches, the latter 
usually thicker than whe othera, cover the old stems, all so 
closely attached to the bark that the^ appear to l>e part- 
of it. When in fruit, irregular black lines, or minute black 
points, or yellow, cup-shaped bodies, aj^pear on the coloured 
patches. 

lichens, in the majority of cases, are not parasitic, but 
epiphytic — ^tbat is, tbey live on the stem of the tea bush 
but do not derive any nourishment from it. There is some 
evidence that certain of the tiricker species may kill the outer 
layere of the bark, but do not penetrate into its inner 
tones, Thwretically, .th^ may cause some slight damage 
to a bark which is permanently green by depriving it of 
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liglit and air, but, in realit7, tke lichens of the tea bush 
do not cause any noticeable injury to the stems. 

Leaf -like lichens are not common on. tea stems and are 
only likely to occur in the wettest districts. They form 
irregular sheets, lobed at the edges, and usually more or 
less curled up, attached to the stem by hairs on the under 
surface. One species which is common at higher eleva- 
tions in Ceylon is thin and tough, and white or yellowish 
in colour. 

Other epiphytic growths on the stems of the tea bush 
include algse, mosses, and ferns. Microscopic algm are 
almost invariably present on tea stems, though they are 
not discernible to the naked eye ; but in very wet districts 
they may form a shmy green coat over the stems during 
the rajns, disappearing, or drying to very thin green strands, 
in dry weather. Mosses and ferns need no description ; it 
is only in very humid districts that these are found in quan- 
tity on the stems of tea, and then, as a rule, only towards 
the base of the bush. 

Though these epiphytic growths do not in themselves 
cause any appreciable injury to the tea bush, it is urged 
that they harbour insects which may do so. The insects 
take refuge under the lichens, or among the mosses, and are 
sheltered by them. A further objection is that they keep 
the steins moist and so favour the growth of fungi whose 
spores may happen to lodge among them. Both these 
argumente, however, can only refer to the leaf-like lichens, 
with the mosses and ferns ; they cannot apply to the flat, 
totally adherent lichens which are practically incorporated 
with the stem, for there is no space beneath those for an 
insect to lodge in. It is not worth while, therefore, to 
attempt to remove these flat lichens, which appear merely 
M stains or thin plates on the bark. Tie kinds to be removed 
are the leaf-like species which grow away from the stem. 

In Ceylon it is customary, in some of the wetter districts, 
to scatter slaked lime over the hushes after pruning, to kill 
these epiphytic growths. In Horthem India the use of 
alkaline washes or sprays is recommended after pruning. 
Such washes not only kill lichens and mosses, but they also 
destroy the eggs of insects. Failing any other method, they 
may be rubbed off. 
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Fasciation 

^ the term applied to the condition in 
instead of Ix'ing normally nnind, are 
flattemid atid rihhed as 
” ' though several were united 

shle l>y skhi in a hand, ft 
is not a rare phenomenon in 
F ^ '' <!ultivated plants, Init ap- 

* / '. pears to he uncommon in 


Fia. 44.— A fa« 0 ktod tea item, i |. Fto, dh # 

lAiitit* Nitiiwi «ir4». 

the case of tea. An example of a fasetated green shoot of 
tea is shown in Fig. 44. 

Fasciation in some instan^ is due to the attacks of 
insects or fungi, but in the majority of <*ascs nothing flefinitit 
can be stated, exc^ that they are certainly not due tr> either 
of those causes. It does not appear to have heem vmm&d hy 
either insects or fungi in the few cases ohwrved on tea. 
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(}Ai.r..s o.v Pluc^kki) Shoots 

A curiouH formation is illustrated in Fig. 45. In this 
ca.se tlie plucked shoots have developed a top-shaped out- 
growth at tlie apex, resembling an insect gall. No tracse of 
insect action covdd he observed in these structures, and it 
would appcjar that they arc to be classed merely among the 
abnormalities. 

Burrs 

Burrs are occasionally found on tea stems or branches, 
more especially on the main stems of large bushes. They 
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about 5 inches in diameter. Tl.e surface of these burrs is 
generally irregularly nodular, ami they resemble the burrs 
found at the base of elm trees, whieli are attributed to the 
suppressed growth of adventitious buds. 

Abnormal Callus OuTemowTHs 

In the normal process of wound healing, new wood and 
bark are produced at the edge of the wound and form a 

swollen edge known 
as a ealluH. Under 
fa vou rable cond i t ions 
the calluscw from the 
edges of the wound 
ultimately meet and 
fuse together, thus 
effecting a c(»mplete 
healing. 

In8c>meinstan(!es, 
an abnormal owt- 
:rowth of eaUu» has 
leen observed on tea 
bushes, both from 
pruning cuts and 
from the edges of t>ld 
wounds. I'hese out- 
growths are thin flat 
plates, whif?h origin- 
ate at the margin of 
the wound, aiul ncd 
only cover it but ex- 
tend forther over the 


Fia. 47.— Abaom^l mUm .§. 


stem, sometimes almost completely surrounding t he latt<^r. 
They are thin at the margin, red-brown, comicntrically rnmni 
and variously lobed. In some cases new plates may ariwi oj» the 
old ones, so that the steucture approaches a rosette foniiati^m. 

"Whien fresh, these plates are clmely applied t<j the un- 
injured parts of the stem over which they extend, but they 
are not organically united to it. Consequently, when they 
dry they Sirmk away from the stem, except at tho plar*e 
from which they originated. 


CHAPTER V 


BOOT DISEASES 

The existence of a root disease is, in general, only brought 
to the notice of the planter by the death of the bushes 
affected. When a fungus attacks the roots, it gradually 
destroys their tissues and renders them incapable of per- 
forming their normal functions, particularly that of supplying 
water to the parts above ground. In consequence, the leaves 
wither and fall off, and the branches dry up. But, except 
in rare cases, the fungus does not ascend into the stem and 
branches, save perhaps for a short distance above the collar. 

In some instances, the whole bush appears to die suddenly, 
all the leaves turning a coppery brown and remaining on 
the branches for a few days. This often occurs in attacks 
of UstuUna zonata, even when the bush dies in wet weather. 
In other cases, as in attacks of Fames lignosus, the leaves 
may fall off gradually for several months until the branches 
only bear a few, still green, towards the tips, and the bushes 
may remain in this condition for a long time before they 
finally succumb. 

Bushes may be killed by stem diseases as well as by root 
diseases, and it is scarcely possible to decide to which class 
of disease the death of a bush is to be assigned until it has 
Wtt dug TO. Whenever bushes die, root disease should 
be suspected, and the bushes should be dug up and the 
roots exanuned to ascertain whether they show signs of 
decay or bear the mycelium of a fungus. 

If a bush suddenly dries up as though it had been scorched 
and dies with all its leaver still attached, it is almost certainly 
a case of root disease. If the leaves are shed gradually, 
and the bush does not recover, root disease is again the 
most probable cause. But if after the fall of the leaves 



128 DISEASES OF THE TEA BUSH 

new shoots are produced, then root diseaso is iinprolHihle. 
Furtiher, if the branches die, but Jiew shoots are produce<l 
at the collar, the cause is most ])robably in Ihe stem, not 
in the root. Nor, as a rule, is the root alTected if the Imsh 
dies branch by branch. 

Bushes may, of course, die from ot her causes. Lightning 
is often responsible for the death of bushes ip patches, 
especially in the neighbourhood of large boulders. Again, 
the gradual fall of leaves, with the consequent “ tliin ” 
appearance of the bushes, may be produced l»y an insecd, 
attack, “by one of tlie mites, for example. Hcarhd MiL; 
{Brcvifalpus obovatus) frequently causes a partial defoliation 
of the bushes, and, curiously enough, such bushes often 
occur in small patches, as in cases of root tiisease. But 
leaf-fall caused by Sciarlet Mite may be identified by the 
blackish discoloration which extends frt>m the leaf-stalk 
over the l)a8e of the leaf, and, with the aid of a lens, by 
the minute red insecrts present on the under surface of the 
discoloured areas. 

In cases of root disease, there is, in general, a tendencsy 
for the bushes to die out in patehes. This is tt) be explained 
by the gradual extension of the mycelium of the fungus 
underground in all direedions, either from the bush firat 
attacked or from the original source of infection. In some 
root diseases, e.g. those caused by JioHcUmm, Fmnes ligmmtH, 
and Porta hypolateritia, the mycelium can spread free- 
through the sod, i.e. unattached to any <lead or living plant 
tissues except at its point of origin ; in others, e.g. those 
caused by Ustulina zonata and Fonm Immormin (Brown 
Boot disease) the fungus only passes from one hush to the 
next when their roots are in contact. In either (;ase, the 
bushes are killed in gradually widening circles. 

The most usual point of origin of a rwit diseast! in tea 
is^ dead stump, whether a stump of a jungle tree left wlnui 
the land was cleared, or the stump of a shade tree which has 
been, felled because it had grown too big. It is not possible 
to differentiate between stumps of different spetdes of trees ; 
apparently any stump is capable of serving as a host h)r 
some of tne fungi which can attack the roots td the tea-lmsh. 
In Ceylon, the common root disease of young clearings is 
that caused by Form kgpolaterUia, which app<»ara in all cases 
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to originate on the jungle stumps. The danger of disease 
from this source is not past until the stumps have decayed, a 
process which may not be completed for many years. One 
case has been recorded in which Brown Root disease spread 
to tea from stumps of Na {Mesua ferrea) fourteen years old. 

The cost of removing all jungle stumps from a new 
clearing is generally considered prohibitive, especially in the 
case of tea, where the value of one plant is relatively small. 
Moreover, though the decay of the stumps must be brought 
about by fungi of some kind, it is by no means inevitable 
that the fungi which develop on any given stump will be 
simh as are parasitic on tea. In the majority of cases they 
will not be ; and under the present methods of opening 
estates the planter accepts the risk. But he should fully 
recognise that he does so, and be prepared to carry out ex- 
tensive operations against root diseases should they arise. 
New clearings should be carefully watched for any appearance 
of root disease round decaying stumps, and all cases should 
be dealt with promptly and thoroughly. The jungle stump 
responsible must be completely extracted and burnt, and 
the patch isolated and limed. It is worth while to devote 
extra care and attention to root diseases in new clearings, 
and so avoid the necessity of periodical treatment when the 
tea is mature. 

In old tea, the chief source of root disease lies in the 
stumps of shade trees which have been felled. Orevillea 
robmta is a notorious offender in this respeeb, and its stumps 
very frequently give rise to Ustulim,, or, more rarely, to 
Brown Root disease. When Grevilleas have to be gob rid 
of, their stumps should be dug out. Jak {Artocmpm integri- 
folia) and Dadap {Erythrina lithosperma) have been found 
to serve as a starting-point for Forms lignosm. Alhizzia 
rnoluccma is one of the most difficult shade trees to deal 
with in connection with root diseases, and one is inclined 
to recommend that it should never be planted through tea. 
Owing to its rapid growth, it usually gets out of hand in a 
few years, and, in certain of the low-country districts of 
Ceylon, trees with trunks 4 feet in diameter were formerly 
not uncommon in tea. When cut down, its stumps very 

f enerally afford a plate of origin for Ustulina, Diplodia, and 
^oria, and large numbers of bushes are killed out round 
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them. With regard to thene common Bliade, or green manure, 
trees of tea, it might almost be said that from their stumps 
root disease is the rule rather than the exception. 

Seventeen root diseascH ' have now been recorded as 
attacking tea. The following particailars may assist in 
distinguishing lietween them, if the roots are examined as 
soon as the liush is dead : 

External Appearance of the Root 


Smooth and apparently sound 
Longitudinally split .... 
Rough with minute black and white 
cushions .... 
Rough with encrusting sand and stones : 
General appearance black and white 
With brown mycelium intermixed . 
Embedded in a cement-like block . 
Covered with cobwebby grey mycelium 
Covered with cords of mycelium : 

Cords red to black, tough 
Cords white, flat, membmnous 
Cords white, rounded, rather loose . 
Cords white, tough 
Cords yellowish white, tough . 

Cords blac^k, woolly 


BotrvmlipliduL 

Armilhrm. 

IhfMlina, 
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Fomm hnumemw. 
Pdyporm wmotalpm. 
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Jrpes 

Polypmm iMmtupm. 
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Teeatment of Root Diseases 

The treatment of root diseases involves three factors, 
viz. isolation of the affected area, removal and destruction 
by fire of dead bushes and decaying stumps within the 
area, and disinfection of the soil by means of lime. 

Isolation of the affected area is necessary in order to 
limit the spread of the fungus underground. It is essential 
in the majority of cases of tea root disease, the only exception 
being that caused by Diphdia. The area should be sur- 
rounded by a trench, from eighteen inches to two feet in 
width and depth : it must be deep enough to get below the 
lateral roots of the bush and below the level at which the 
fimgus normally travels. The earth excavated in making 
the trench must be thrown inwards towards the centre of 
the pateh ; because of this, it is perhaps preferable to dig 
out and bum the dead bushes, etc. before making the 
trench, otherwise there is a danger that pieces of the diseased 
roots may be overlooked 

The trench must be dug so as to enclose a circle of bushes 
which appear to be healthy. Neglect of this precaution — 
and it is often neglected because it is thought to involve 
an unnecessary waste of bushes — ^usually entails a repetition 
of the treatment a few months later, for the simple reason 
that the mycelium has generally travelled beyond the dead 
bushes and is already attacking the next row, before the 
disesuie is discovered. An alternative method is to dig two 
trench^, one surroimding the dead bushes, and another, 
outside that, enclosing a ring of apparently healthy bushes. 

The dead bushes should be dug up, and burnt on the 
spot if possible. All pieces of diseased roots must be 
csollected and burnt. Any dead Jungle stump in the disease 
patch must also be dug up and burnt, its lateral roots being 
followed up and extracted as far as possible. This operation 
should he supervised most carefully. The cooly no more 
understands why he is doing it than he understands why 
drinking water should be boiled or filtered ; and if left alone, 
he will not dig out all the roots, or will throw them among 
the surrounding tea. 

Lime should he forked in over the afiected patch. Any 
dimsed roots which are turned up during the forking 
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should he collected. Lime may kill fungus threads in the 
soil, and it hinders or prevents the growth of fungi l)y making 
the soil more alkaline and thereby inducing conditions 
unfavourable to them, but it cannot have much tdTe.ct, on 
the fungus threads inside pieces of wood. As to the quantity 
of lime to be applied, it must be clearly understood that the 
amoxmt generally considered permi88il)le in manuring tea 
is of little use in the treatment of root diseases. Such work 
has been severely handicapped by the almt)8t universal 
belief that tea will not endure any reasonable quantity of 
lime, — a belief which does not appear to be supported l)y any 
published results of experiments. About five hundred pounds 
per acre is considered the limit ; ' l)ut, on the. other hand, 
in combating a serious attack of Botryodijplwlm on old tea 
in a low-country district in Ceylon, four pounds per hush 
has been applied over a large area without detriment to 
the bushes. In treating root diseases in old tea, the quantity 
should be at least four pounds for every hush or vacancy 
within the isolated area. Tn dealing with plants one or 
two years old about two pounds per bush should be allowed. 
Tree stumps require more, up to sixty pounds for each 
dead stump, according to the size of the stump. 

It is seldom worth while to replant root disease patches 
within a year of treatment. In the interval, the ground 
should be clean weeded, and forked over two or three times. 
The spot should be inspected periodically and any bushes 
which have died since the treatment removed and burnt. 

The following treatment for root diseases was recom- 
mended by Raciborski in Java in 185)9. After the dead 
bush has been dug up, and all its roots extracted and burnt, 
lime is forked in over tihe affected patch. It is then watennl 
with a solution of ammonium sulphate, jiontaining 1 lb. 
of ammonium sulphate per gallon. The rationale of the 
treatment is based on the interaction of the Hrne and the 
ammonium sulphate. When th^ two chemicals are }«ought 
together, the lime is converted into calcium sulphate anti 
ammonia is liberated. The lime is put completely out of 
action as a fungicide, but it is claimed that the ammonia, 
in a gaseous form, penetrates the interspaces of the soil and 
renders the fungus harmless. 

The efficacy of the forgoing treatment would seem veiy 
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problematic. Ammonia scarcely possesses such powerful 
fungicidal properties as are postulated. It is said to have 
been employed successfully in cases of Brown Root disease 
in Northern India, 2 lb. of lime and 1 gallon of the 
solution being used for each vacancy. It is also claimed 
that the ground so treated may be replanted with safety a 
month later. Against that we have the fact that in Brown 
Root disease, the fungus, as a rule, is practically entirely 
extracted with the dead bush, and in one instance a plant 
supplied immediately after the removal of a dead bush 
was not attacked by the disease. With the quantities 
stated above, three-quarters of the lime is left unchanged, 
and the reported good effect of the treatment may have been 
due to that. 

Rosellinia 

{RoselUnia arcuata Fetch) 

Rosellinia is perhaps the best-known name in connection 
with root diseases of tea in Ceylon, but, in reality, this 
disease is of comparatively rare occurrence. It was the 
first fungus to be identified as the cause of a root disease of 
tea in that country, and the name was subsequently applied 
to all cases of tea root disease. It is, however, certainly 
less common there than Brown Root disease, Poria hypo- 
lateritia, or Ustulina, and it has rarely been found in the 
low country. The common Rosellinia in Ceylon is Rosellinia 
arcimta, which occurs also as a root disease of tea in India 
and Java. 

The disease may be identified fairly easily from the 
appearance of the affected roots. These are covered with 
black strands of mycelium, more or less woolly in appearance, 
which usually run longitudinally along the root, and some- 
times unite to form a network ; and if the bark of the root 
is taken off carefully, white stars of mycelium will be found 
between the bark and the wood. 

With the aid of a microscope, it is always possible to 
identify a tea root disease caused by Rosellinia from the 
mycelium alone. In the species of Rosellinia parasitic on 
tea, the hyphae, especially the darker hyphae on the exterior 
of the strands, bear pear-shaped swellings. These occur 



at one orui of th('. Bce-tionH into which the hy])iiae are divided 
by the septa, and as tiie inflated end of one stH-tion joins on 
to the narrow end of the next, the sl rncture reminds one of 
an old-fashioned condenser ( hig. 1 ). As a rule, these swellings 
do not occur before every septum. 

The moat remarkal>le feature of Romdlinia arcuaia is t he 
extraordinarily rapid spread of its mycelium. 'I’his usually 
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travels in the to]p two or three inch^ of tJie soil. It prefera 
soil which contains a ki^ proportion of dead leav«#, etc., 
and if the ground is covem with a thick layer of dead leaves 
it runs along Oie surface of the soil under and among them. 
That point must be «s^mally borne in mind in attemjpiing 
to emdicate it. Tlie mycelium consists of somewhat fleecy 
strands and, sheets, at first white, then smoky grey, and 
ftnaily black. The char^ in colour may be noted by follow- 
ing die mycelium back to its starting-point. The advancing, 
mpidly growing portion is white; behind that comes a 
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region in which the rnycelium is changing colour and has 
become grey ; finally, towards the point of origin, the 
mycelium is mature and black, and, if on dead wood, it may 
have begun to produce spores. 

When the mycelium reaches a tea bush it travels down 
the root, and for a short distance up the stem. When the 
bush is first attacked, the mycelium forms a loose, cobwebby 
mass round the tap root, and stretches across to the lateral 
roots in. similar loose masses. This is well seen on young 
tea plants, which die soon after they are attacked. On- older 
tea bushes, it soon forms black strands closely applied to 
the root. From the apparent difference in habit in the two 
cases, it was at first supposed that these represented two 
species of RoseUinia, but by developing the fructification in 
each case it has been proved that the loose and the compact 
mycelia are only forms of the same fungus. 

The mycelium on the exterior of the root gives ofi branches 
which penetrate the bark, and ramify between the bark and 
the wood. At each point of entry, it divides into a number 
of strands which radiate over the surface of the wood and 
form a white star, up to half an inch in diameter. These 
stars are readily seen if the bark of a diseased root is care- 
fully taken off, and they afford one of the easiest means of 
identifying the disease (Fig. 48). 

While the underground mycelium is permeating and killing 
the roots, that above ground grows up along the stem, where 
it forms a continuous sheet, purple-grey at first, and then 
black. This sheet usually extends all round the stem, and 
to a height of about six inches above the soil. Here the 
funras passes through a stage which was entirely overlooked 
in the first investigation of RoseUinia in Ceylon ; and as that 
is by far the most important stage, the oversight may account 
for any lack of success in treating RoseUinia. Emphasis was 
laid on the fact that the fructification of RoseUinia was rarely 
found, and therefore its extension must be brought about by 
the spread of the mycelium. But RoseUinia arcmta has at 
least two kinds of fructification, a conidial stage and peri- 
thecial stage ; and while the perithecia are rare and scarcely 
ever found on the tea bush m the field, the conidial stage 
occurs on almost every tea bush attacked. The spread of 
the fungus in any given patch is no doubt due to the extension 
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of tlie myccliutn, hut itw H])mwl to ot iior partB of tiic fioh 
brought about by the (UHtrii)ut i(m of t he <-oiu<tia Jiy fb(‘ w 
or l)y other ageiuaes. 

The conidia, the firat kitu! of .spore, are borne on nle 
erect, bristle -like stalks. 'ITiese stalks are jinulueed 
cIu,sterH (Fig. 48) on the sheet of inyeeliinn on the sterfi, j 
since they arise close together, the sIksT becotties velvet) 
appearance. i<]ac',h stalk divides intx) numerous brunchcf 
the apex, and these, branches bear the (smidia. 1'he hr 
are white or greyish in mass, and form a whitish {>o\v 
over the l)lack mycelium ; they are readily (hdar’hed, ; 
consequently can be blown away by the wind or t ratisbu 
from place to place on the clothing of coolies. 

Alter the bush has been dead for a long tin»% t he sec 
form of fructification, the perithecium, appears. The p 
thecia are minute blac^k spherical bodies, about one-tenti 
an inch in diameter (Fig. 48). They occur clustered in gro 
on the sheet of mycelium on the stem, among the rem; 
of the stalks which bore the conidia. Each perithet; 
contains numerous asci, in which the second typo of sj 
is produced. These spores, the ascosporcs, are bfacik, nan 
oval, with pointed ends. Pratitically, these ascospores a 
negligible factor in dealing with the disease in tea, beci 
the dead bushes are seldom left standing long enougl 
produce them. 

A curious effecjt, causcrl by Romdlinm, is somet imes i 
on bushes which are atta<5kcd towards the (dose of the n 
soon. The appearance of the stems suggests that they f 
been gnawed all round bp some animal, but examirta 
shows that the dead bark is still intjuit, while the is'cnrc 
on it of the typical threads of jftmellinia definitely indie 
Idle cause. Apparently, the advancing myccliunr surroi 
the stems at tne surface of the soil and kills off the barl 
round for a len^h of three or four inches. When 
weather ensu^, the youngest mycelium in the soil dies, 
provided that it has not got a sufficient hold of the stet 
enable it to withstand the drought and live there inde 
dently, the myt^lium on the stem dies also. The biis 
therefore ^urdfed or ringed at the cxdlar, but, tea lieii 
hardy plant, that does not kill it. The result of the rin 
is that tJie food elaborated by the leaves pass d 
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to the roots, but is arrested by the circle of dead bark ; 
consequently a swollen ring of tissue (callus) is formed round 
the stem above the dead patch and a similar ring below the 
latter. It is possible that this efiect is also produced when 
bushes in the early stages of the disease are pruned, owing 
to the removal of the shade and the consequent action of 
sunlight on the mycelium. 

Patches of tea killed by Rosellinia are occasionally found 
in the neighbourhood of Qrevillea stumps, but the root disease 
commonly associated 
with these stumps is 
that caused by Ustu- 
Una zoncUa. In several 
cases, where an attack 
of Rosellinia has been 
watched from an early 
stage, it has beenfound 
to originate in accumu- 
lations of dead leaves. 

In one case, the leaves 
which had drifted into 
the bottom of a Panax 
hedge afforded it a 
starting - point from 
which it spread 
between three and 
four yards in three 
weeks. In another 
case, a mango tree 
was felled and the log left lying in the tea ; in the 
course of time, dead leaves accumulated on one side of 
the log, and from these Rosellmia spread to thef tea. Its 
occurrence roimd GreviUea stumps may be explained in. the 
same way . 

RoseUmia arcmta occurs in up-coimtry jungles in Ceylon, 
where it is known to kill species of Strobilanthes. 

In the treatment of Rosellinia two points must be borne 
in mind : first, that the disease may be conveyed to other 
spote by spores (conidia), which occur in abundance on almost 
every dead bush ; and, secondly, that the upper layers of 
the soil around the dead bushes are permeated by mycehum. 
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which has doubtless advanc.ed beyond the l)UHlies whi(^li show 
visible signs of being affected. 

In order to prevent the disseniination of spores during the 
uprooting and removal of dead bushes, straw or dry rubbish 
should first of all be heaped round the main stem and over 
the lower branches, and set on fire, so as to destroy these spores 
as far as possible. If this is not done, the spores on the stem 
will be scattered when the bush is pulled up, and will also be 
conveyed elsewhere on the clothes and feet of the coolies, as 
well as on the tools used. After this preliminary scorching, 
the dead bushes must be dug up and burnt. Burning must 
be done on the spot if possible — it is always possible if three 
or four bushes have been killed, - and it is cheaper in the 
end to spend a little on kerosene than to wait weeks for the 
bushes to dry. During the drying period they may produce 
myriads of spores, especially if the preliminary scorching has 
been omitted. 

To [prevent the farther spread of the mycelium, a trench 
a foot in depth must be dug round the affected spot. It 
must be dug so as to surround not only the dead and dying 
bushes, but also a complete ring of apparently healthy bushes. 
There is no doubt that some of the surrounding bushes will 
already have been attacked, even though fliey do not show 
any evident signs of disease. The living bushes enclosed by 
the trexich should be heavily pruned, as well as a circle of 
biwhes immediately surrounding the trench. This pruning 
will let in sunlight to kill the mycelium which may Iiave just 
reached these bushes. Before the trench is dug, all dead 
leaves and pruning must be raked into the centre and burnt 
with the dead bushes. In dealing with Romilmia surface 
of the soil nuMrfc be made as biute as a tennis court. A layer 
of dead leaves and tw^ will protect the mycelium and 
proidde it with food, and thiw neutralise dll attempte to get 
rid of it. After the trench is dug, it must be periodicmiy 
inspected and cleaned out ; if it is allowed to fill up with 
dead leaves, it is wonre than useless. 

Lime should be forked in over the affected patch, and 
scattered in the trench. (^ckUme is best for forking in the 
bare soil, but air-slak®i lime diould be scatter^ over the 
stems of the pruned btu^es. It k better to lime the patch 
b^ore dicing the trench. 
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Needle-HS to say, [jraniHgH must not l»c l>uri(Hl in fieldn 
Httacke<l by Itmdliniu ; that is juat what tlio fungiiH ro- 
quiroH. Several inHtafua'H of the oceurreru;o of Hosdlinut on 
buried pruningH have been recorded, even after burial with 
sulphate of potash and basic, slag. In one instance when^ 
the primings were buried with sulphate of potash and basic 
slag, RoHellinm was found on tlmrn four months later. 

(Jreen manure plants should not be grown on Rondlinia 
patehes, as they provide shade which favours the ilevelop- 
ment of the mycelium. It is almost impossible to eradicate 
RoHdlinift under dense shade. If the shade is permanent 
the trees should lie lopped, and in all cases the shaile should 
be remover! its much as possible. 

It is generally a waste of time to replant patrdies infected 
with Romllinm within eighteen months of the time of treat- 
ment. 

Romllinia areutiUi has been found to attack, in addition 
to tea, Panax, Htfdbilantfm, camphor, Tephronia e/mlvia, 
and dadap. * 


Rohmlunia immttKH (B. and Br.) Sacic. 

This species attaciks tea in Ceylon, India, and Java, though 
it appears to be rare in the first-named country. It has also 
been found to kill liibincm. 

The general appearance of the mycelium on the exterior 
of the roots is the same as that of RomUinia ammtn. When 
the hark is removed, however, the appearance of the surface 
of the wofwi is found to be different ; small black points and 
short, straight or curved, black strands are found on, or 
embedded in, the woml, while a careful examination will 
show' similar strands permeating the bark. The strands on 
the wiMxl may l)e greyish white when fresh, but they soon 
turn black. In general, they are about four millimetres hmg 
and a third of a millimetre broad. If a diseased root is split, 
fine blai.k lines running rmlially towards the centre are s<ieri 
in the wotsi, often with others running irregularly down the 
root. When sawn across, the woo<i shows similar radial lines, 
and sometimes a continuous black line forming an irregttlar 
circle a little distoncie from the exterior. 

The description of the action of RomUinia arcrntu applies, 
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in general, to the present species also. One eft'ectt, however, 
which does sometimes occair in cases of Rxmilinid amuda, 
appears to l)e more common in cases of Rasdlinia hunodcs. 
This is the death of a single branch in a bush which other- 
wise appears quite healthy. It usually happens in bushes 
which have been collar-pruned, or pruned low down, and 
consequently consist of a numl)er of small stems all arising 



Fio. bmmim, I, Mywiliim on th# wimkI of tli® RMit, »iiii | 

2, biMfk Mats in th# root, te-otiofi, attaful il» ; S, of 

a root ihciwing tho blwk ring, nfttaml sto ; 4, a elnster of prilttelm, k i ; 
IS, a4«»poroi, x 4(K), 

from about ground level. The branch, as a rule, dies in the 
dry weather. On examination, a len^h of three incliMi or 
so at the base is found to be covered with the black strands 
of mycelium, and this part is thinner than the upper part of 
the stem and is bordered by a swollen callus. From this it 
is evident that the upper part continued to grow for some 
time after the base was attacked, and only died when the 
supply of water was completely cut off. Further exanuna* 
tion of the bush will genemlly reveal black mycelium on the 
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st(?m aiifi on one or more roots just, below the dead l)ranch ; 
eonHe<|uently tlie rest of the bush may be expected to die in 
course of time. 

Observations in Ceylon, thougfi perhaps not yet suffi- 
ciently numerous to admit of generalisation, would appear to 
indicate that this Rofidliniu is less rapi<f in its (h^velopment 
than RoHeUiniu nrruulu, and that, in f)UsheH siudi as those 
referred to in the preceding paragraph, it may develop on tfie 
individual bush among dead leaves which have c.olle(d.ed in 
the l>ase. 

I’lie fructifications (perithecia) of Rmt'llinm bmmlvs re- 
seml)le those of RoncUimu arctuda, Init are covered with 
minute warts, 'i’hey are frequently ff)und on tlie dead stems 
in the field. 

The treatment of this disease sfiould follow the same 
general lines as that of RmeUinia arcuata, but, where only 
one liranch luis died, the bush may be saved for some time 
longer by cutting off the dead l)ranch, at its Junction with 
the main stem, and stiattering lime round, and m among, the 
stems of the bush. Dead leaves should be cdeared out of 
the bases of the surroundirig bushes. 


Rohklunia sp. 

Another RomlUnia which causes root disease of tea has 
been recorded from Northern India. In this case, when the 
hark of the root is peeled off, thick broad strands are found, 
which radiate, a few together, from centres, “ like the arms 
of a starfish.” These strands are white at first, becsoming 
violet-black when old. The appearance described is quite 
different from that which is seen m cases of Rmdlmia buncdm 
ami RoHellinm arcmia, but the species which causes it has 
not been identified. 

# 

Uhtulina zohata L^v. 

1’his is the (mmmonest root disease of tea in Ceylon, and 
it is in a great measure preventible. Its prevalence is <iuti 
to the pradice of growing GremUm for shade or as a wind- 
break among tea, and cutting it out either for firewood, or 
when it lias grown too big, leaving the stump to decay in 



situ. It is not unconmion to see three or four dead tea 
bushes round each Grevillea stump over a large area. A 
similar source of this disease has arisen more recently through 
the felling of Albizzia moluccnna, which has been planted 
through tea, for shade or for green manuring, and in some 
cases has been allowed to grow to an enormous size. When 
the trees are felled at or about ground level, the fungus 

grows on the dead stumps 
and spreads along their 
lateral roots to any tea 
roots which happen to be 
in contact with them. 
Lunurnidella (Melui dubui) 
acts in the same way, but 
infection from this source 
is not common, as this 
tree is rarely planted 
among tea. 

In one instance, where 
the disease, in general, 
occurred round UreviUm 
stumps, several casm were 
noted which could not be 
associated with the 
stumps. This tea had 
been collar pruned, and 
from the character of the 
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that iH, thi'.y i>econie thin owing to the gradual fall of the 
leavcK, but Kometimes they dry up suddenly with all their 
Icavt^a attached, and this may occur even in wet weatlu'.r. 

1'he. dead roots do not bear any external mycelium. 
There are a bnv scattered, small, black spots hero and there, 
but these are not conspicuous ; they mark places where the 
internal mycelium has emerged tlirough the bark to form 
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a fructification, but has been arrested l)ecaiise it was not 
above ground. If the bark is removed, white, or brownish- 
white, fan-shajped patches of mycelium are found overlying 
the wood ; these are frequently fus^ into a continuous 
sheet, but in all (jases the fan structure is fairly tsvident. 
When the mycelium meets a crack in the bark and is thertjby 
exposed, it develops a black edge. The wood of the root is 
usually permuted by black sheets which appear as bla(^k 
lines when it is cut. 
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The fructification is produced in abundance on the dead 
Grevillea or Albizzia stumps, and is generally present on tea 
bushes which have been killed by this disease. The mycelium 
emerges through the bark and spreads out over the surface 
of the stem, forming a white plate, up to two inches in 
diameter, and about one-tenth of an inch thick. On the 
surface of this plate, conidia, i.e. free spores, are produced. 

Frequently several 
plates arise close to- 
gether and fuse into 
a continuous sheet. 
In dry weather, the 
growth of the plate is 
arrested, and hence it 
becomes concentric- 
ally furrowed, each 
furrow marking a 
temporary stoppage 
of growth. 

In the stage de- 
scribed above, the 
plate is soft ; but 
after the conidia have 
been shed, it changes 
completely in colour 
and consistency. It 
becomes greenish, 
then puriple -grey, 
dotted with black 
spots, and when old 
and weathered is 
quite black. In these 
later stages it is hard and britHe. The black dots are the 
openings of the perithecia, in which the second kind of 
spore, the ascospores, are produced. If the fructification is 
broken across when in the purple-grey stage, these peri- 
thecia win be seen, embedded in the white internal tissue, 
but when the fungi]^ is old it is black throughout and they 
csannot then be distinguished so easily. 

The foregoing descriptiou refers to the typical form of 
the fungus, but Ustulim, zonMa is one of the nu^ protean 
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of tropical fvingi. The platen are frecpjenfly taHlulatiog 
and thrown into c'ontorted nuisHeH, eapticually when they 
grow t)ver tlie iooae hark anrl «iarth at the bane (»f a (trcrillm 
stump. SometinieH they are. Htalkod instead of lying fiat 
on tlu! stem, and frequently a nmnher of stalks arise (^lose 
together, each hearing a small plate at its apex. In sheltered 
situations, the upper surfar^e rtiay remain perrnaiumtly wdiite, 
even in the second stage. 

Ustulmi mmtu W'as first found on (a)conut, hut whether 
it wa.s parasitic or not is not known. It luis not been found 
as a parasite on coconut in recent times, though it has 
occurred on dead coconut stems. It is a common fungus 
in up-country jungles in (’oylon, and probably kills many 
tialivo trees. In addition to tea, it is known attack 
Hemi, pumelo {CUnM tkmttmmt), Cmuaritm, Ltinumidella, 
Cfutnia jamnuxi, Halmilla (Berrya AmnumiUa), Ih'rrin, 

llstuUna usually attiw^ks tea by spreading its rfiots 
from the roots of detmying stumps. The fungus does not 
spread free through the soil, but (»nly passes from tfie resds 
of the stump to those of the tea bush when the two are in 
(contact. Consequently trenching might possibly be dispensisl 
with in the case of this disease, but it is better to err on t he 
safe side and to trench. The dead bushes, anti the stump 
on which the disease originated, must l)e dug up and burnt, 
and lime forked in over the affected patcdi. 

But the chief measures c'alled for in this case are preventive 
measures, »So long as Gmmllm and Albizzm trees are c;ut 
<lown, the disepe is certain to w;eur. Therefore, if it is 

^Iekt«ii¥n.et.r4[ *1. mJh, ^ 1.. ... I i 
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only suggest that when old Allhjczias are felled, a trench 
should be dug round the sliunp, cutting through all the 
lateral roots. This might [>revent t he Kulwequent spread of 
XJstuUna to the tea roots. Young Albizzia-s may of course 
be uprooted ; and now that the evils of felling Albizzias in 
tea are patent, the trees should not be left until t hey have 
grown to an unmanagealtle size, 

HpiiAKKosriutK HKPKSH B, and Hr. 

This fungus, which has f(»r some y<*ars been known to 
cause r(K)t disease in several c-ultivated jilants, more e8|)eeially 
Hevea, has recently been found by Tunstall to cause root 
disease in tea in India. 

The affected bushes were supposed to have Imen killed 
by a water-logged condition of the soil, and further investiga- 
tion showed that the disease was frequent on unhealthy 
bushes growing on aeid, stiff, batily <lriiiner| stjils. The roots 
of the bushes have a water-logged apjiearance, and a petndiar 
smell “ something like vinegar,” I’he bark is a violet colour, 
and under the bark thick strands (»f mycelium radiate in star- 
fashion over the wood. Tunstnll desc*ri}>ca the stmnds os 
orange when young, changing to a pinkish purjde later. 

In general, the strands or cords (rluzomoiTphs) of 
Sphaerostilbe rejmu are stout flattenetl rildmns, red-brown 
and smooth on the surface and white; and ftbrilhae internally. 
They run between the bark and the wochI, anti, when the 
bark is stripped off, it fref|uently hapjatns that the stmnds 
imlit, the upper half adhering to the bark and the lower to 
the wood. They then appear wliite, sometimes, especially 
in the broader strands, with a fern-like airangeinent of the 
hyphae. When old, the outer surface turns black. 

Tunstall states that the attai'k usually originates from 
the stump of a tree, frequently a jak {Artmtrpm 
and the lunps spreads from it throti|h the sidl from hush 
to bush. Tne thick strands of mycelium are able to grow 
through the soil like roots. “,The disease is not always fate!. 
The condition of the »il is the determining factor. If the 
soil conditions are improve the bushes frequently recover, 
and as the atteck is slow the condition can lie cleteroiined 
and remedied before the bush<» die." 
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ows : The patch of sickly bimhes is HiirroiiiKh'd by ii 
Kill deep enough to isolate the roctls of the tliseaMetl 
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ROOT DISEASES 

•f clusters of sliort red stalks wid-l* whit «* 
le second form is rarer, and coneiiM+*” /*'*!*** /’’ 
-sliaped peritkecia, whicL. are si'fc^***'^*'* 
stalks, or along tke stalks, or wlK*r«-vcr the 
re exposed. The fructifications* <*■*'«• tiMually 
e collar of the bush. 


Diplodia 

Botryodiplodia Theobromae Pat - ) 

i common form, this root disea/SO <»tily <■<»««•« 
ice after pruning. SometimLOSi tht* pnincil 
may have appeared perfectly Tioajt Jsy 
0 produce any new shoots and ciii? «»fT com- 
her cases, the green shoots grow to si U'tigf fi of 
eight inches, and then begin, to 'Thidr 

mottled with yellow, and tloen t.urii blac^k, 
nge occurring &st at the tip, or sil*»iig lh«* 
imately extending over the wJtloIo 'Ths* 

n Blight (Cladosporium) often iitf sii’k^ ilit! 
stage. Finally the leaves fall a.nfl t IIS’! wlioh* 
3 dead and black down to it« bsiMsi. Thisi 
begin on one or more of the nitAiri brfinch<«, 
extend over the whole bush, or it may nnmiiii 
3 branch. In the former case this wlinb* liiwli 
fcter only the branch affected ; all int«!r- 

may be found. The disease nsxiiilly }4 |>|m*iiw 
to three months after pruning’, 
of a dead bush do not bear A*.ny «‘Kt<<*rtinl 
merally they are quite clean and mtjfioth, Imf 
the bark is rough and abnormally tliit*ki»ru*il. 
g up as soon as the green shoot» t« 4i«, 

e root will be found to be healtliy, «« a riili?, 
lal red colour internally ; but if tli« biwli jji 
} bark will be found to be blaolc€an<»<l thmiigh* 
mod is also blackened. This diew*.olf#ratioii i« 
5 mycelium of the fungus, whieli iwrinpiiti’i* 
and the wood ; but as it runs ■witlitii f j«f wlb 
is not visible to the naked ey©. 'Tliari* in mi 
um between the bark and th.© wood. Wlsnit 
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buslieH may recover, (‘.specially if in‘at<*(l vvifli lime. But- 
bushes which have died without putting out m‘W shoots 
have their roots compictetly permeated l»y tlu^ myceliuin (»f 
the fungus, though only a short; time may fiuve (‘lapsi'd Hinc«‘ 
the pruning. This would indicate a rapid growt h of the fungus 
under the conditions indiued by pruning. Attack riu tin* 
finer rootlets is not universal ; (uises hav«5 lK*en (jbstu'ved in 
which the tap root has undoubtedly been at, tacked first. i 

If untreated, the number of bushes attac^ked increases f:| 

with each successive pruning. At first, perha{)s only a f<wv | 

bushes die and little noticie is taken of it ; at t lm next, prun- | 

ing, the number is greater and attracts some at t<mt ion ; and 
the increase c-ontinues with each pmning until 50 per cent 
of the bushes may be attacked. Four primings may (amveit 
indifference into panic. 

The recognition of this disease in (feylon is of com- 
paratively recent date, but the number of reiatrded cases is 
steadily increasing, and, as a rule, the number of bushes 
killed in each case is greater than in any other root disease. 

Fatehes of from forty to one hundred dead busfies are not 
uncommon, and in one instance more than fO per cent of 
the bushes were killed over an area of fifteen ai^res, leaving 
large bare spaces. (Several (correspondents estimate their 
lowj at 25 to 50 |>er cent over some fields. 'I’he same 
disease occurs in Southern India, and is responsilde for lajitally 
large losses there. In one case, on a field of twenfy acres, 
seven thousand dead bushes were dug out in a month, and 

•u. Ml,*)# « A.*. .- 4 , ..2 . . .. . 4 . 4 I J. 4 4. )< . 1 4 44 4 . 4.4 
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on tea after the first pruning, and, on badly affected estates, 
it has killed out "nursery plants. In patches where bushes 
have been killed by this disease, supplies have been attacked. 
Watt and Mann record that in one case it was calculated 
that thirty acres of plants in a four-year-old garden had 
died, and in another even more had been destroyed. In 
Ceylon, it is chiefly a low-country disease, but cases have 
occurred at higher elevations. 

In Northern India, young tea is said to be most fre- 
quently attacked when it has been planted on cleared grass 
land. It has been suggested that the wild sugar canes which 
abound on grass land there are responsible for that, as the 
fungus is a common one on sugar cane. On the other hand, 
the worst case recorded from Southern India was on tea on 
land previously virgin jungle, and it is not possible to associate 
the disease with any particular type of land in Ceylon. Tea 
on poor soil appears to be more liable to attack. 

In the case of old tea, however, there are definite indica- 
tions of the origin of the disease. When Albizzias {Albizzia 
moluocana), planted through tea, are allowed to grow to a 
large size, and are then ringed or cut down and the stumps 
left to decay in situ, root disease frequently attacks the 
surrounding tea bushes. In some instances this is due to 
Ustulina zonata, but when a large number of bushes die, 
twenty or more, round an Albizzia stump, the cause is 
usually Botryodijphdia. The fun^s develops on the dying 
Albizzia stump, and its spores subsequently infect the neigh- 
bouring tea. Similarly, the disease is prevalent, in some 
instances, where Albizzia prunings have been systematically 
buried ; and it has occurred round Hevea stumps where 
Hevea in tea has been feUed and the stumps left to decay 
in situ. 

But the most probable reason for the occurrence of 
Botryodifhdia in old tea is to be formd in the practice of 
buiying prunings. The disease is undoubtedly worst on 
estates where prunings have been systematically buried over 
a long period. This may also explain why the disease is 
more prevalent in the low cotmtay where the tea is pruned 
every two years or less, than at higher elevations, where a 
longer time elapses between prunings. If Botryodiplodia is 
present, it will develop freely on the buried prunmgs, and 
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from tliem attack the roots of the tea. As is well kn.o’wn, 
tea roots tend to grow towards the masses of buried pruaings, 
because the deca 3 dng matter retains moisture and is damper 
than the surromding soil. In one instance, it was o'hseryed 
that the bushes first attacked were situated round the holes 
where primings had been buried. The addition of the usual 
quantity of basic slag and sulphate of potash, 2 cwt. basic 
slag and 56 lbs. sulphate of potash per acre, to the prunings 
at the time of burial, does not make any difierence to the 
prevalence of the disease. 

Botryodi;plodia Theobromae is a very common tropical 
fungus, though in the majority of cases in which it is known 
to cause damage it is either a wound parasite or a follower 
of some other disease. It is common on Eevea, and cacao, 
especially on dead stems or fruits, and occurs on dadap, 
papaw, sugar cane, coconut, etc. 

When this disease was first found on tea in Assam, it 
was suggested that it had been conveyed by the seed. The 
tea attacked was about four years old, and in each case it 
happened that the hashes had been raised from Dihrugarh 
village seed. In fact, without reference to position, wher- 
ever the Dihrugarh village seed had been used there the 
plants had died, though not usually until after the first 
pruning, say at three years from seed. A similar case has 
recently been reported from Jorhat ; the same class of seed 
was used four years ago, how the plants are dying out.” 
On that supposition, the most important preventive measure 
was said to he care in the selection of seed from a guaranteed 
source. But suhseq_uent experience has practically negatived 
that supposition. In the first place, the disease is too wide- 
spread to he attrihutahle to the use of any particular seed. 
Secondly, it would scarcely seem probable that a disease 
conveyed in the seed would remain dormant for four years, 
until the plant was pruned, or, in its more usual occurrence 
on old tea, for some twenty years. The evidence would 
appear to indicate that the disease is due to the presence of 
the spores of the fungus in the soil, and that it is favoured 
by the burial of prunings on which the fungus can propagate 
itself. 

Bushes killed by Botryodifloiia should be uprooted and 
burnt as soon as possible. It is best to hum them, or at 
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least char tlunu, with the In*!)) (if kerosciKS lieniusc, if they 
are lioaped and allowcnl to dr\% they develop inyriiidH of 
spores. Any pniningH lying ahout the alTeeted patehes .sliouki 
be raked up and burnt at t he ssime time. 'I’he affeeted soil 
should be forked over with lime. 

When the bushes first begin to sluiw signs of being 
attacked, by the yellowing of the leaves and the death of 
the young shoots, very many of them can he savetl by 
promptly applying lime. About lw<» |H>unds of air-slaked 
lime should be scuittered round each affeeted bush, and 
lightly raked in. Where fields art? known to be liadly in- 
fected and numbers of bushes die after each priming, lime 
should be applied before the bushes are primed. 'I'he 
quantity of lime will probalily apiaiar excessive to many 
planters who are aecustorned to the idea that t<t*a w'il! not 
endure lime, Imt less than two pounds has proved of little 
use in checking the disease in the ease of old tea, and 
four pounds per bush has been applied without injury to 
the plant. 

Where this disease is known to exbt, prunmgs must lie 
burnt. 

There is some evidence that where IMryodiplodia is 
common, branches may ho killeii back after pruning by the 
direct attack of the fungus on the branches, t.e. by infection 
by means of spores the pruning cut. This could lie pre- 
vented by spraying the busnes with Bonleatix mixture after 
pruning. 

After an attack of Jhtryodipkdia, when the surviving 
bushes have come into leaf again, and the disease is, for the 
time being, arrestod, all dead bmnohes should be prunwl off 
and burnt. 

Red Root Disiasi 
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that in such cases the cause of the death of the young plants 
is a fungus which travels from the jungle stumps and attacks 
their roots, and the particular fungus associated with Bombu 
stumps is Poria hypolateritia. When this was recognised to 
be a root disease, it was classed with others as Rosellinia, a 
name which for several years served for every root disease 
of tea in Ceylon. 

Poria hypolateritia is, perhaps, the commonest cause of 
root disease in the higher tea districts of Ceylon. When it 
was first differentiated from other tea root diseases, the known 
cases of it were all in old tea, which had been established 
for very many years. But it is most probable that it had 
existed on such estates from the time they were first planted, 
for, with the extension of tea planting in Ceylon since about 
1908, this disease has come into prominence as the root 
disease pa/r excellence of young clearings. Its range has also 
proved to be greater than was previously supposed, and it 
is now known to occur extensively at medium elevations and, 
more rarely, in the low country. 

The disease may be identified by the mycelial strands 
which the fungus forms on the exterior of the root (Plate II., 
Pig. 11). These are at first white and soft, but soon become 
compact, tough, and red or dark red. They form at first a 
network spreading over the root, but may subsequently 
expand laterally and fuse with one another here and there 
into continuous sheets. They differ from the strands of 
Rosellinia in being compact and smooth, those of Rosellinia 
being somewhat loose and woolly. The interior of these 
strands is white, and as they are usually damaged to some 
extent when the bush is dug up, the root has generally a 
mottled appearance, red and white. 

In the majority of cases, especially on young tea, where 
the planter is watching the progress of the clearing and notes 
dead bushes immediately, the affected roots agree with the 
description just given. But if the bush has been dead for 
some time, or if the fungus has been growing on the root 
for a comparatively long time before the bush died, the 
appearance of the dead roots may be different. When they 
are old, the cords of mycelium change colour and become 
black, so that the general colour of the root, when it is dug 
up and the mycehum damaged, is black and white, instead 
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of red and wliite. A furtlier difTcreiK^e ariHOH in thoHo ol(l(*r 
cases, ill that the luyceliiirn sometimes {•emeiits to itself 
sand, stones, or earth, as in the ease of Brown Root disease. 
But even in the worst-enerusted eases, this disease can be 
distinguished from Brown Root disease liy the general black 
and white appearance of the root, and t he absence of any 
tawny brown patches. Moreover, it is usually possible in 
such cases to find some traces of red slieets or strands at the 
collar. 

The effect on the wood of the root varies from the 
specimens examined, one would say with the age of the bush. 
But tliis may he explaineri by tiie fact that young bushes, 
one or two years old, are killed more rapidly than older 
bushes, or that the sudden death of a patch of young plants 
may sooner attract attention. In young plants, the wood 
of the root is usually quite hard and shows no evident signs 
of decay. In old bushes, especially if they have been dead 
some time, the wood is soft, sometimes watery, and |>ermeated 
by red, lines and plates of a more or less gelatinous eon- 
sistenejr. If these old decayed roots are pliM:»d in a covered 
glass dish, they develop an abundance of white fluffy mycelium 
m a very short time. There is often a very thin film of 
white mycelium between the wood and the bark. 

The fructification is produced at the collar of the bush, 
either on the stem, or partly on the stem ami partly on the 
surrounding soil. It takes the form of a tliin flat plate, 
reddish or pinkish in colour, studded with minute holes, 
and lying flat on the stem (Plate II,, Fig. 10). It may 
measure from one to four inches in diameter, ami about 
one-sixth of an inch in thickness. It consists of a thin layer 
of tubes packed side by side, seateil on a r«*i homy basal 
layer. Tne margin is at first white and flot^cose, with a 
more or Im radiating struetur©, but ultimately it bwomes 

and homy, like the basal layer. As it dries, the frucltfiim- 
tion i^arates from the stem and curls up at the edges, 
exposing the red, or red-brown, lower surface. It is often 
product at the collar of young plants, before, or as soon 
as, they are dead. 

Am already stated, tins disease is common in young 
clearings, whether on formeri^ in viigin jungle or on 
old, chena land. It usttaU^ occurs m patebiss, and genemlly 
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in the neighbourhood of a decaying jungle atunip. Boinhu 
Hturnps, SymplfHm spmdu, have the reputation of being th(». 
most frequent sc>urce of this diseaHe, l)ut. it has also boetj 
found to spread from the stumps of zcylmmn. It. 

has l)cen found on Keppetiya {CruUm (irmtMtu’m var. Umd- 
ferm), l>ut in that instance it ha<l prrdjably sprcsad to, and 
killed, this plant in the same way as the tea. It is most 
probable, however, that it can develop on the tnajority of 
jungle stumps, as it is a common jungle fungus in (kiylon, 
though usually found, in the jungle, on decaying logs. It, 
has recently lieen found to spread to foa from the stumps 
of felled Albizzm tmhwmtut, previously platited for shade 
and green manuring. 

(jru;o established, by — — ~ 

means of wind - blown 
spores, on a dead stump, 
tne fungus spreads through 



the fungus from diseased tea roots in pots of soil in the 
IalK>rab>ry. In 8r)rne cases the rhizomorphs spread through 
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as it spreadB })y inyceliuni undergrouiuL Any jungle Hlunip 
in the afTccted ])at(dieH must he <lug out and burnt . 

T'his disease is known to oc(uir in ('eylon, Sout lu*rn India, 
and Java. 

PoRiA uyninmissKA P<d<-h 

'I'lic appearance of tlie roots of tea l)UHhaH attacked by 
this fungus is identi(!al with tliat describe<l for Pork hifpo- 
htcHtia, but the fructi head ion is different. It is a flat 
plate, as in t he latter, but is at first paU^ yellow, becanning 
reddish, and finally slaty grey (Plat<‘ III., Kigs. 5 and (5). 
If (;ut when in the ind'rniediate reddish stage, it will l>e 
found to be blackish brown internally, with a reddish tinge 
towards the surface ; but when ohl, it loses all the retl 
(iolour. The lower surface is blackish brown, filwous, not 
horny : when it lias grown on t In^ surfacte of t lie stem it is 
generally compact, but if it has grown over soil it is often 
somewhat loose. 

The fungus is a (common jungle species in ('eylon. It 
has been known to cause root disem^e in Jfemi since BH)5, 
and it is (;omrnonly to be found on Hcmi logs left to decay 
after thinning out. Beveral instentajs of its occurrence on 
tea have been recorded, and othere may have been passed 
over as cases of Poria hyptUiteritm. It has lieen found to 
kill out Tepkroim mnduk, both among young rnhlier and 
among tea, after the Tephromi had heen lopiwd and mulched 
in for two or three years. In view of the fact that the fungus 
can attack tea, it would appear advisaWe to set a limit, say 
about two years, to the interimltivatioii of Tephrtmm aimtikt 
as a green manure among tea, and to uproot the Tejihrmk 
after the expiration of tuat period. In the cases fnth«*i1o 
observed of this disease on tea interjjianted with Trpfmmm, 
the Tephroda has been attacked first. 

Poria hypdmmnm has lieen found to originate on jungle 
stumps, in the same way as Porm hyjfokUerUm. Jii one 
instance, it was found spreading to the tea from Jungle 
stumps twelve yearn old, 

Tbambtbs Thsab Zimm, 

Thk fungus was recoMed as the cause of a root disease 
of in Java by *23nimennann. The disease occurred on an 
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estate in West Java, on bushes two and a half years old. 
The tap roots of the affected plants were covered with thick 
mycehum, which was at first red-brown, but finally became 
black. The wood exhibited a carmine -red coloration. 
Pieces of the diseased roots, when enclosed in a damp chamber, 
were covered with white mycelium in twenty-four hours. 
The fructification observed and described by Zimmermann 
was apparently quite young and very small. He states 
that it was thin, dirty yellow, flat, 5 to 8 millimetres in 
diameter, with pores 0-15 mm. diameter. The description 
of the diseased root would agree with either Poria hypo- 
laferitia or Poria hypobrunnea ; that of the fructification 
would appear to accord best with the young stage of the 
latter species, but it is scarcely sufficient to enable any 
definite decision to be arrived at. 

Zimmermann recorded that on one estate a group of one 
hundred bushes was killed by this disease. 

Brown Root Disease 
{Pomes lamaoensis Murr.) 

This is the oldest root disease of tea known, it having 
been first recorded by Cunningham in India in 1887. It 
was subsequently described as a root disease of coffee in 
Java, and later as a root disease of Hevea in Ceylon and 
Malaya. The disease is evidently a common one throughout 
the Eastern Tropics,* and, in addition to the plants already 
named, has been found to attack Castilha, Ceara, cacao, 
Caravonica cotton, dadap {Eryihrina lithosperma), coca, 
Funtumia, Albizzia stipulata, Grevillea, etc. 

The earher investigators of this disease were unable to 
discover the fructification. Later workers found occasional 
patches of what appeared to be a Hymenochaete, and the 
fungus was referred to Hymenochaete noxia, a specie§,_^yhich 
was sent to Berkeley from Samoa as the cause of a root 
disease of the bread-fruit tree. Further investigations have, 
however, shown that the supposed Hymenochaete patches 
are merely abortive attempts to produce the fructification, 
the fungus being really a Pomes. 

When attacked by this disease, the roots of the tea bush 
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are eiujruHted witli a mass of earth and small stones to a 
thickness of tliree or four millimetres ; and this crust may 
extend up the stem for a distance of two or three inches. It 
is cemented to the root by the mycelium of the fungus, 
which consists of tawny brown threads. Here and there 

these threads may be col- 

t lected into woolly masses, 

of Ae tl^ steni, 

l>Ben dug up as stKn as 
it was dead, but in old 
cases it is permeated witlj 

which assume a lioney* 
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Fomcn upptir Hurfaco of fnic’tifiaition. x 

Fonm IvjrmtM, lower 

Ftmm lujwmuM^ hi seeticm, Hhovviiig tlie white aii«l eiibtiritii inmm, 

Mycciliuiii of Fomm liffnmiM (»ii a riiot, 

Pofia hyimbrunnea^ a fully dovolopid friietifioatkii}. 

Paruf, hfpdmmtmi^ a goctiori of the finiotifhatloit ihowhig coiitext iiti«f 
tHjren. X 0. 

Root attacked by Brown Root dimami, sliowhig brown linci hilcrimlly* 
WckkI attacked by Brfiwn Root diiiea«e, with brown Imiid* in lionojcoiiili 
arrangement. 

Fomf'B lamimmu (Brown Ecxit diioami), nhowiiig porc*« anti m$ml imiUmk 
Fomm lamammUf upjKtr atirface of bracket x 

All natural nm\ unleaii otherwimi uMrnL 




t lie eurt h and Htonen in t he former disease is usually HuflieientJy 
clear to enable a correcd. itientification to be made. 

'I’he fructification is rarely present on the cultivated 
plants killed by this disease. It has, however, been dev<iloped 
from t he dead plants in the lalioratory, and it has been found 
in the field on dead //mim, tea, mango, etc. It is bratiket- 
shaped, oft^m irregular and consisting of several brackets 
fused togetluir side by aide, three or four in<;hes broad, 
about half an inch thic-k, and very liard (Plato flf., Fig. 10). 
On the lateral roots of mango and Ihnmt it may form a 
continuous border, running for several feet, on either side 
of the root, united liy a resupinate tiart on the lower surface. 
The developing pilous is purple - lirown, or almost black, 
vvitli a yellow margin. When mature and dry, it is purple- 
brown to lilai'kiHli brown, often with concentric, narrow, 
blackish zones, sometimes yellow-brown towards the margin, 
smooth, and sometimes concentrically furrowed. 1’he lower 
surfac^e is dark brown, or almost black, often with a greyish 
blotan. When broken in two, it is siiim to c^onsist of a thin, 
dark, hard outer (^rust, witli brown, or yellow-brown, tissue 
internally, the latter usually zoned with curved lines parallel 
to the margin. The lower half of the section consiste of a 
darker layer of vert ical tubes in which the spores are produced 
(Plate III., Fig. »). 

In (’eylon, Brown Hoot ilisease in Hmmi has Imen parti- 
cularly as8ociat«<l with memt stumps, where the cacao has 
l»cen felled to make rtK)m for the rubber. The disease has 
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cases, the disease must originate on the tea bush, and t he 
infection must be communicated by spores, proiiably (;<;n- 
veyed by the wind. So long as only al)orfive fructifications, 
which did not produce sponss, were to be found, this was 
inexplicable, Inxt now tluit the fungus has lieen found to 
1)6 a Fofms, it is clear that the fructific-ations on dead wood 
in the jungle will provide sufficient sfxores for the purjxose. 
The spores fall from the Ixrac-kets as a white powder, which 
often whitens the ground beneiith them. 

ff'he progress of this disease is usually slow, and although 
the fungus produces external mycalium whicdi fastens the 
earth to the roots, it does not appear to spread to an^ jip- 
preciable distance through the soil. Apparently the disease 
only passes from one bush to the; next along roots which 
happen to be in contact. In Northern India it is said to be 
worst on sandy soils. 

Dead bushes should bo dug up and burnt, any neigh I>onr- 
ing stump being removed at the same time. In general, it 
would appear that the whole of the fungus is removed with 
the dead bush, and it is rare to find the surrounding Imshc's 
attacked subsecjuently. The affected spot should be forked 
over with lime. Where a number of hushes have Ixsen 
attacked, or cases have occurred round a decraying stump, 
the affected area should be surrounded by a trench, but 
when only .isolated bushes die trenching is seldom necessary. 

Fomeh uuxohvh Klotssch 


(Fotmn smiitodm Auett., non Berk.) 

Fonm lignomis, under the erroneous desigiuition of Fonu^H 
semitostm, has been familiar to planters in t he Eastern 'IVotncs 
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lu .such interplanted fields, the tea must be uprooted when 
it hiiH been decided to get rid of it. If if; is merely cut 
down, each stump become.s a potential starting-point for 
Fomcfi lujnosiHs, and, with stumps 4 feet apart, almost the 
whol(! field may become permeated by the ttiycelium of the 
fungus. 

Instances of the t)c(;urrtmc.e of this disease on tea not 
contiguous to Hiwm are as yet not numerous. In one case, 
in (Jeykm, bushes were killed by it round an old jak stump ; 
in another, round an unidentified jungle stump ; and in a 
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one-quarter to lialf an iruih in tliickiusKH, thougii it attains 
a much larger size on decaying stumps. Wlien fresli, the 
upper surface is red-brown, with a yellow margin when 
immature, while the lower surface is bright orange (Plate HI., 
Figs. 1 and 2). As the fungus dries, tlie red-brown colour 
of the upper surface gradually fades, not uniformly all over 
but in concentric zones, so that it betu)mes pale yellow- 
brown, with concentric darker lines. 

The upper surface is not smooth, as a rule, l)ut bears 
numerous grooves parallel to the outer edge ; if. is these 
grooves which retain the red-brown colour when the fungus 
is dry. Fine radiating striae run at riglit angles to the edge, 
and give the surface a silky appearance. The lower surface 
is studded with minute hole^, winch are the optmings of the 
tubes in which the spores are produced ; these holes are very 
small, and scarcely distinguishable without a lens. 

The substance of the fructification is somewhat wtMKly, 
but it breaks easily. The interior consists of two layers whicli 
differ from one another in colour and structure. The up|)er 
layer is white and fibrous, the fibres running more or less 
parallel to the surface, while the lower layer is red-brown 
and composed of closely packed tubes, perpendicular to the 
lower surface (Plate III., Kg. 3). 

Tea bushes attacked by Fotrm Ugmsm appear to l)e 
killed comparatively slowly. The effert, of the disease is 
first manifested by the gradual fall of the older leaves, so 
that the bush becomes “ thin,” i.e. bears very little foliage. 
At this stage toe roots may be covered with the strands of 
mycelium, but the death of the bush may not ensue until 
some months later. In one instance, the fructification had 
developed at the collar before the bush was completely deiul, 
several of the branches on the other side still bearing green 
leaves. 

In general, Fowm lignomu develops first on a jungle 
stump, or toe stump of a shade tree, and its mycelium 
spreads underground from toe stump to the tea. Jak stump 
{Artomrpm wt^fdia) and Fims stumps are notorious 
offenders in this respect, and the stumps of large dwiap 
{Erythrim lUhospema) and Bois Immortelle (Br^rina urn- 
hrom) frequently harbour thb funips. But toe list of trees 
wHoh may be attacked by Fonm lignomu, or the stump of 


V 


HOOT DISEAvSES 


165 


wliich may aerve as a starthig-point; for the fungus, is a long 
one, and new names an? continually being added. It now 
in(dud(!H flak {ArlcHxirpm intcffrifolid), FicAnt spp., Bombax 
{lianibax maUdmrmim), Ceara {Manihot Glazioidi), (iacao, 
Afzfiia jmlendxinun, llalmilla [Berry a Amnumilhi), Derris 
dalberyudden, Shared sp., Lirixtonia eixddncMnenfiix, coconut, 
bamboo, etc, 

Hince the my(;elium f)f Famea Id/noms spreads freely 
underground, affected patches must be isolated l>y a trench, 
dare must be titken to im-lude within the entdosed area at 
least two rows of apparently healthy bushes, as, owing to 
the slow action of tiie mycelium on the root, it is probable 
that these will already have been attacked before the disease 
is discovered. Dead bushes, and any decjiying stump, must 
be removed as completely as j)08sible and burnt ; even small 
pieces of roots will suffice to maintain the fungus and enable 
it to spread through the soil. Liming is not rexpiired, as 
it does not stop the growth of this fungus. The tremdi 
should be inspected peritKlically ; if the fungus is still living 
in tlie soil, it will produce the fructific;ation on the side of 
the trem-h and so furnish spores to carry the infeidion farther 
afield. 

laick of su<‘(!e 88 in dealing with Fennes lujnomft may usually 
be attributed to one of two causes : either the trench is not 
made far enough from the centre of the disease, or the 
diseased roots, including the lateral roots of the stump on 
whiidi the fungus originated, have not been completely 
rcimoveiL 

Fomkm Luan>UH (I^eys.) Pr. 

This well-known fungus has been found to cause a root 
disease of tea in Northern India. 

The cases which have l>een described were on old bushes 
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Fames luculus is known to be paraHiti(!, in Incliii, on 
many trees, including Gasuarina, Dalban/ia Sissoo (Hhishan), 
Acacia arabica, Ccdrela Toorui (Tun, White 'I'oon, or VVdiite 
Cedar), Morris imlica (Muli)cny), Guazuma tomenlosa, and 


Fia. 60.— fomet hteidm : fruotlfiwtioiu on tiie •tom n( Idmmia. n 


the Areoa palm. In Ceylon, it canim root diaeiwe of Pom- 
dam regia (Flamboyante), mango, Camarim, TJmmm abia 
(Tumpat kurundu), AUbkda moluccam, Ormebm^ the coconut 
palm, and bamboc®. It is freqi^iently common on decaying 
stumps of felled Albizzias, but has not been observed to 
attach: the tea round sudi i^umps. 
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The fructification of the fungus can hardly be mistaken 
for any other species. It is one of the bracket fungi, pro- 
j ecting horizontally from the stem of the host plant. Appear- 
ing first as a white swollen cushion, it extends horizontally 
into a plate which is roughly semicircular, one-half to four 
inches in thickness, and up to two feet or more in diameter. 
On a plant the size of a tea bush, however, its diameter 
■would seldom exceed two or three inches. As it develops, 
its colour changes from white to yellow, and finally to some 
shade of red : it may be bright red, red-brown, chestnut, or 
a deep mahogany colour. Immature examples have a white 
margin, followed by a fairly broad yellow zone, and behind 
■that the mature red coloration. But its chief characteristic, 
the one which distinguishes it from most other species, is its 
shining, varnished or lacquered, upper surface. 

The lower surface of the fructification is white. Inter- 
nally, the fungus is dark brown, and consists of two layers, 
an upper fibrous layer, and a lower layer of vertical tubes 
in which the spores are produced. When the spores are 
liberated, they are frequently deposited on the upper surface 
.of the pileus as a brown powder. It is supposed that they 
are conveyed into that position by air currents. 

When growing on coconut or bamboo. Forms lucidus 
nsually has a stalk, up to about four inches high and half 
an inch in diameter, deep chestnut or almost black in colour, 
and lacquered like the bracket. On dicotyledonous plants, 
such as tea, mango, etc., the stalk is, as a rule, almost sup- 
pressed, and is only represented by a narrow band round the 
broad base of the fungus. 

Fomms applanatvs Pers. 

This fungus was foimd to cause a root disease of tea in 
Ceylon in 1918. It had previously been known to attack the 
roots of Acacia decurrens and kill the trees, and in South 
India it is known as the cause of a root disease of coffee. 
As usual, the disease has been found to be associated with 
decaying stumps in the few instances in which it has been 
observed. In one case only one bush was kiUed, and that 
was found to be resting on a decaying root of an Inga Saman 
(Pithecolobmm Saman) which had been cut down, and the 



stump left to decay. The fungus liad spread froin the. 
decaying Inga Sarnan root to the tea bush at the point of 
contact. In another case the disease was associated with 
old, decaying Grevilleu stumps. 

There is no external mycelium evident on the dise.ase<i 
roots. The bark is blackened, and sometimes the roots f»ear 
small holes, up to three millimetres in diameter, which ex- 
tend through the bark and appear white at the base. When 


61.—- etpplamim ; 

m a* tea item, x J. 


Fia. Iti 

tlj# mWite of a It# biiMi. X 


the hark is removed, small scattered patches of brownish- 
white mycelium are found between the bark and the wckkI ; 
these usually adhere to the bark, and give it a mottled appear- 
ance on the inner side. When the root is split open, the 
wood has a mottled appearance, being minutely flecked with 
brown and white. These flecks are very small, and they are 
not arranged in a hon^comb fashion as in Brown Boot 
disease. Any wood which hi^ been eximsed in the soil is 
blackened, with pockets of black or dark brown wood 
extending inwards. 

The fructification oi the fungus is produced on the main 
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slom, gciuTally woll ahov(* ground-level, uhout. the point 
where it divides itito the main branches. It is of the usual 
I>rucket shaj>e, and from tlinn' to twelve inches in diameter. 
When e.Kfenditjg outwards horizontally from the stem it is 
generally small, but it may form a mass up d) a foot in 
(iinrueter and several inches thick in the middle of the bush. 
Its upp<^r surface is zone<l, grey ami brown, and lias a very 
liard outer crust, Imt it is dull, not polished. The under 
surface is white. Internally it is dark brown, fibrous aliove, 
and with a thick layer of tubes below. When it produces 
spores, thccse are frecjuently deposited on the upper surfacai 
in a bright brown powd<*r, as in the cmse of FomcH IwMm. 

Fonicn applnmitm is one of the (;ommonc!st bracket fungi 
on decaying stumps in the tropics, and is cuisily identified by 
its c-olour and its hard outer crust. But it is comparatively 
rarcdy found to attack living trees, and (!an therefore only be 
regarded as a wcuik parasite. 

'freatment should follow the usual lines for root diseases 
in general. Dead bushes, and any neighbouring dead stump, 
should be* dug up and burnt, and the patedi forked over with 
linut. If a nutuher of bushes are attac.'iked in one. spot, the 
patc'h should be surrounded by a treneh. The lateral roots 
of the dead stunip should be extracted as far as possible. 

FoLYmnuH uumTALPAS Lloyd 

'riiis root disease has found on tea in Oeylon on two 
occasions. The fungus has Imen known to attack the Moreton 
Bay chestnut {(kmtmumpemmm amtmk Cunn.) at Feradeniya, 
ami it is not iinconimon on deemying stumps of mango and 
cashew nut. 

'rhi‘ photograph (Kig. 63) will give some idea of the size 
attained by the fruelifieation of wiis fungus. In tliat case 
it grew II j> from the nmts of the bush in a top-shaped mass 
about two ff^ in diameter which involvedf most of the • 
branc'hes. Tlie hranehes were not killed by the fungus, hut 
wew merely emliedded in the fructiftcation. It is remarkable 
t hat, aithoiigh the root may lie in an advano^l state of decay, 
the branches still appear healthy and bear leaves. Those on 
one side of the faish photograpW were out away to obtain 
a clear view of the fungus, wmdh practioally filled the whole 
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bush. The braiiehes which are eml)e(l<le(l iu the fnahilicatiou 
have their bark blackened externally. 

The whole fructification is at first white and soft., but 
turns blackish brown when iiandled. ft arisi^s from a stout 
stalk which changes colour to a deep Uuaailate brown, and 
finally becomes black with a brittle outer layer. The u])p«w 
part (pileus) becomes deep (diocolate-colourexl with a slightly 
velvety surface. There is a thin black layer just below the 
surface, which forms a brittle c'.rust, wdiile the remainder of 
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the intenml tissue is white, becoming reddish when out. 
When old and diy, the surface is brittle and crusty, and the 
inner tissue is brownish grey, soft and spon^, or woolly, 
with its constituent hyphae radiating somet^at from the 
base. The pores in the top-shaped form are borne on the 
slopiM sides. 

When a bush is attacked by this disease, the tap nK>t 
and the bases of tihe lateral roots l>ecome enoloseu in a 
cement-like mam up to a foot in diameter. This consists of 
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iu!irl)l<‘<l ii{>]H'aran(H‘, whih* any cavity in the noil adjacent to 
a root ia filled with a white ^^o(;coa(^ tnyceliuru. 

I’he fiark of the diHcaKe.d roots is hla(;kened. In one case 
tliey did not hear any external tnyeeliuni, while in the other 
the roots were (aivered witii white floe,<;ose myceliutn, more 
or less in strands, hut interwoven and forming a continuous 
coat. 'I'he wood of the roots is soft and friable, deeply 
r-oloure<l, black, or grf‘enish black, or slaty black, sornetirnes 
brown itJ the centre. 

In ea«'h of the reconled (aises oidy a single bush was 
attacked. 'Fhere is as yet no evidence that the fungus can 
s|)read tlirougli the soil to of her bushes, though the occurrence 
of mycelium in the soil round the root strongly sugi^ests that 
it can. It would be advisable, therefore, not to omit trench- 
ing when applying the usual treatment for root disease. 

'I’his disease has not been a880<',iated with decaying stumps 
in its occurretH’e either on tea or on CastarMspermum. 


Pm.YmRVH tsTKiiiwM'VH B. and Br. 

'I’hls root dise-ase has been rec'ordeti on three or four 
cK'C’asions in (’ey Ion, in most instances on old tea, where the 
main stems, in general, hiwl undergone consideralile decay 
from the toj). 

The hark of t he diseased roots is blacikcned on the outside, 
usually ill patches, and hears numerous minute white spots, 
congregated toget her on more or less definite areas. External 
mycelium is present in the form of stout white or yellowish 
j'ords, whic h are rounder and more elevated than those of 
FtMUM liffmmm ; they are inclined to be hairy, or, in wet 
wcathcw, Icsise and woolly. 1 ’hey usually extend above the 
collar along t he main stem of the hush, and they may ascend 
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On a vertical surface, the tubes are arranged in tiers. This 
is a Poria form, and is perhaps the (jommonest form met 
with on the tea bush. In addition to tliat, however, the 
fungus can produce small horizontal l)rackets, projecting 
from the stem, which hear the parallel tubes close-paohed on 
the lower surface. This is the Polyporus form. The bracrkets. 


Via. 64 .— at Pdi/porm irOtrruptm m root <il a btuili. 


are white and velvely on the upper surface when dry, hut 
somewhat ^eykh when moist and sodden. They occur one 
above another in conspicuous masses. 

The fungus spreads through the soil, and forms the 





ti{)ri (jf th«? fruc'tifu'ation on 
tlebris round th« tea hush is 
an ituiit^ation that the iny- 
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The disease has not yet Ixam 
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genernlly produceci, running along, and projecting from, one 
side of tlie twig. At first, He|>arate brackets form, but these 
afterwanis fuse into a continuous l)order. On the dead 
leaves, the Porin form is the more usual one a thin circular 
sheet, studded with minute 
holes, the openings of the 1 ulies 
refemal to abttve, and bor- 
dered by a radiating, fibrillose 
margin. On the soil, patches 
of the Porin fnudificaition are 
fre{|uently profluced in the hol- 
lows and cavit ies, while clusters 
of hrat^kets occnir on vertical 
surfiu'cs. All thcs<^ forms are 
t^orjunon round infected hushes 
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year 1870. The first intimation tliat it could be parasitic 
was obtained in 191(5, when it was found to have attacked 
the roots of Acacda decurrens and tea. Apparently the 
Acacia had been attacked first, and the fungus had spread 
along the lateral roots. One of these roots had chanced to 
be in contact with a tea bush just below the collar, and the 
fungus had passed from the Ac^uAa root to the tea l)UBh at 
the point of contact, where the two roots were fastened 
together by a white pad of mycelium. 

Since then, this fungus has been found, in several cases, 
to cause root disease in Tephrosia camivla (Boga Medeloa), 
grown through tea as a source of green nuinure, more espe- 
cially after the Tephrosia has l)een cut and mulched for about 
two years ; and in one instance it attacked the tea as well 
as the Tephrosia, though only one or two tea bushes were 
affected. 

The diseased roots are covered with a network of white 
strands. These are thinner than the strands of Fames luinomis 
or Polyporus interruptus, and have a tendency to unite, or 
spread out, into thin, almost membranous, white sheets or 
patches. The wood of the root shows little evidence of decay 
at first, but ultimately becomes white and friable. 

The fructification usually appears on the main stem or 

the branches of the bush, 
at some distentse, six 
imdies to a foot, above 
the level of the soil, and 
preferably on branches 
which run horizontally or 
' obliquely. It arises from 
mycelium in the stem of 
the bush ; the external 
strands on the root do 
not, as a rule, spread up- 
wards over the exterior 
of the stem. It forms, on 
the under side of tihe 
branches, patches which 
vary from a deep purple 
when wet to a pale lavender colour when drier, usually with 
a white fibriUose margin. These patches b^r numerous 
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vertical teetfi, alxtut five niiliiinetrcK in length, nioderate-ly 
(•r()\v(l(;d together, either conical with pointed tipn, or, more 
generally, triangular and flattened. When old and bleached, 
the friKrtification becomes yellowish or greyish white. 

As already noted in connetdion with V<yna hypofmmnea, 
TcphroHui mmlida should l)e uprooted and burnt, not left to 
decay, vvdien it begins to die. after repeated pruning. 


liooT-spiarriNo Diskahk 
{ArmiUaria nuilaa Vahl) 

'rhis (lisease has hitherto been recorded only from Java, 
where it is known to attack tea and cinchona. A similar 
disease on coffee in Java was d<JHc.ribed by Zimniermann in 
1SK)4. 

'I’he tap root and the lower part of the stem of the diseased 
bushes show longitudinal cracks in the bark and the wood, 
which are usually filled with compa<!t fungus tissue. Be- 
tween the bark and the wo(k1, there is a thick white layer 
of my(!elium which has a strong mushroom smell. Over 
the exterior of the roots run bla(;k strands, two to three 
millimet rtis broad. 

The fru(;tification has lK‘.en developerl by Rant in pure 
culture from the fungus on cinchona, and is considered by 
him to be identical with ArmiUaria tmUfsa, a common “ toad- 
8t<w)! ” round decaying stumps in Europe, where it is known 
as the honey mushroom fnim its colour, which is pale yellow 
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has been found to cause a root disease of Acacm dcmrrenH 
in Ceylon. In this case, the hark of the root splits longi- 
tudinally, and the fungus forms a thick slieet of mycelium 
between the wood and the bark, but in the cases observed, 
this sheet, though white internally, has a red outer coat. 
The rhizomorphs of this species are also red at first, though 
they become black when old. This species is Armillarm 
fuscApes. It has a general resemblance to Armillarm mdkn, 


Fi 0 . 07.— iit ArmiUaria fvtieiptm on n ntumii of Ari^m ttmumim. « J. 

but differs from it in its darker, blackish-bn>wn stalk. 11m 
white covering over the soil in the illustration consists (»f the 
spores which have been shed from the under surfafje of the 
caps. 

Root Diseases o» Huesery Plants 

The majority of the root and stem diseases which wcur 
in tea nurseries are peculiar to seedling^i. Few of these 
disease have been completely investiga^, but it app^ra 
feom the available evidence that, in general, they are caused 
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l>y ftM^bly pHniKitic soil fungi, and are not such as attack the 
full-grown bush. 

In very many (ases it is most probable that the soil 
conditions in the nuraery favour the development of root 
and collar diseases. Tt)o often, the nursery is established 
on a site which should never have been thought suitable. 
On a frdly planted estate, it is no doubt difficult to find 
space for nurseries, but the sites of old cooly lines and cooly 
gardmiH are the last places which should be selected. Sour 
soil, and an abundancse of soil fun^, are only to be expe(;ted 
in such h>calities. 

'rhe position of the nursery is often governed by the 
available water supply. I n such cases, it must be remembered 
that it is very improbable that the same ground can safely 
be utilised for the purpose for several years in suc-cession. 
After one batch of plants has been raised, the site of the 
nurseries should be changed, and the original ground should 
be left fallow for at least a year before being useti again as 
a nursery. Nurseries should not be establishai on swampy 
soil, and if the site is at all inclined to be damp, it should 
be well drained. 

As the plants have to remain in the nursery for a com- 
paratively long time, it would seem preferable to plant the 
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the seed bed at the time of gerniination. 'I'hese factom 
induced (ionditions wliicli weakened tiie young plants and 
favoured the development of the parasite. 

I I'lie fungus was not idcuitified. 

? A similar disease frecpiently attacks 
older seedlings. The plants appear un- 
thrifty, and are attacked severely l)y 
(Jrey Blight, Red Rust, etc. Ultimately 
they lose their leaves and di<\ On 
digging them up, it is found tliat the 
. roots are decraying, and if the platds 

which are obviously affected but are not 
yet dead are examined, this decay is 

‘ seen to begin at the ends of the finer root- 

„ „„ lets. The description ordinarily given by 

Fio. (58. ~ Root diwasp ^ ^ ^ 

of germinating MtpciM. , correBponderita 18 that the ends of the 

rootlets appear to have been bitten 
off, though no insect is found in the soil. 
The explanation of this appearance is that the decayed tips 
are left in the soil when the plant is uprooted. 

The disease progresses along the lateral roots 
towards the tap root, and m advanced cases 
the laterals are shrivelled and papery-looking. 

New roots may be produced at the collar, but X 

these are in turn attacked. A lihizodonia f A 
has been found on the affected rootlets in ( f!^ 

some cases, and it is probable that this 'y Jj , 

fungus is the cause of the disease. 7 


SOLKROTIUM DiSKASK / / 

{Sclerotium zeylanmm (B. and Br.) Fetch) J I 

Tea seedlings are sometimes killed by a // A 
white fleecy mycelium which runs over the jJ 
surface and in the upper layers of the soil. „ „„ 

In general, it forms more or less continuous otf" mit HUmimir. 
patches which gradually extend to a diameter "»■ 

of a foot or more, surrounding the stems of 
the seedlings and kifling all it happens to meet. The affected 
roote, and the stems for a short distance, may be covered 
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witli white strands, and the mycelium on the surface of the 
soil may assume the same form. 

After the fungus has been growing for some time, small 
spherical or ovoid bodies appear on its surface. These are 
at first white, but subsequently become pale yellow or pale 
brown. They are about the size and shape of mustard seed 
in the majority of cases. These bodies are compact masses 
of mycelium, which are known as sclerotia. They separate 
from the mycelium and can undergo drying without injury. 
When the white mycelium dies, the sclerotia are left free in 
the soil, where they remain dormant until the next rainy 
period, when they give rise to the white mycelium again. 
JSTo real fructification of this fungus has been observed ; as 
far as is known, it is propagated only by these sclerotia. 

The fungus is quite a common one, and may be found 
on dead wood and among dead leaves. It usually attacks 
plants with soft tissues such as Caladiums, but it has been 
known to kill plants with fairly well-developed wood, the 
Tree Daisy, for example. As a disease of tea nurseries, it 
is rare in Ceylon. It succumbs to the same treatment as 
the other root and collar diseases of tea nurseries, but it 
would be advisable to remove the mycelium and sclerotia 
by scraping ofi the surface layer of the soil on afiected 
' patches before watering with Jeyes’ fluid, etc. The mycelium 
and sclerotia should be burnt. 

Treatment of Nursery Root Diseases , 

In the root diseases of nursery plants referred to above, 
the fungi concerned appear to be weak parasites which readily 
yield to treatment with fungicides. Watering affected beds 
with hme- water is recommended in Java. In Ceylon, the 
remedy which has been used for several years, and, it would 
appear, with general success, is Jeyes’ fluid, mixed with 
water at the rate of one ounce Jeyes’ fluid to a gallon of 
water. After removing and burning the dead plants, the 
affected patches and the plants immediately surrounding 
them are well watered with the solution. 



CHAPTER VI 


WOUND COVERS, SPRAYS, AND SPRAYERS 

Pruning Cuts 

It has already been pointed out, in treating of Brantib 
Canker, that decay often sets in from large pruning cute, 
and, in consequence, open wounds are formed on the branches. 
Further, a description has been given of a stump-rot, cjaused 
by It'p&c destrums, which attacks the main stem of a bush 
after it has been cut back. The latter decay may r^ult in 
the death of the plant, while the former ultimately necwi- 
tates cutting well back along the larpr branches, an opera- 
tion which should be avoided as long as possible, as, if 
done repeatedly, it destroys the framework of the bush. 
It becomes a matter for serious consideration, therefore, 
whether pruning cuts should not be protected by some 
substance which will prevent, or at least retard, this decay. 
To a plant pathologist the proposition appears self-evident. 
The exposed wood must eventually decay, thoi^ probably 
owing to the dose gmia of the wood of the tea busn it does 
so very slowly. The fungi which bring about this decay 
are usually those which grow on dead wood in general, nnd 
the effect is no more to be attributed to the action of a 
specific dbease than is the decay of a fence post. 

At the present time, it may be said that the application 
of any protective to pruning cute is the exception rather than 
the rale. On tihe younger tea, the rot is slow and apparently 
negligible, but an examinatiott of old tea will generally dhow 
that the condition is prc^ressire, and that many bushes 
bear long woun^ extending from pruning cuts. This is 
usually dealt with by ontfan^ back, but obviously that 
process oanaot he repeated mdefinitely. The permdical 
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treatment of the larger jnnming euta, half an ineii or more 
in <liameter, in calculated to postpone the time when drastic 
pruning of the main limbs of the bush htwomes necessary. 

Many experiments on tlie treatment of pruning cuts on 
fruit trees in temperate climates have been carried out, 
witli the general result that cuts which weni not treated 
have healed over more rapidly than those whicdi w(^re. Rut 
such ex{)eriments have very little application to tea. 'fhe 
pruning taits under experiment were, as is usual on friut 
trees, lateral, and consequently were such as would h(uil 
over, and become hidden l)y a new growth of bark and wood, 
naturally. But the pruning cuts on tea are terminal, and 
never heal over, at least under tlie conditions to whitdi tea 
is subjected. 

Experimente on the application of preservatives to 
pruning cuts on tea have been carried out in Java. 'I’he 
substances used included coal tar, Htrxjkholm tar, and 
various brands of Carbolincum. 

Poal tar gave very favourable results. It formed a 
protective coat over the wound, and did not penetrate to 
any considerable extent or cause any stirious burning of the 
tissues of the stem. Buds devolopetl even when their point 
of origin was covered by the tar. It penetrated farther 
when the tar was applied immediately after pruning than 
when the wound had dried, and consequently it is re- 
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The general conclusion arrived at was that ordinary 
coal tar, as it conies from the gas works, should be used, 
not mixed with any other substance. It should be used as 
thick as possible. If water has collected on th(( surface of 
the tar it should be removed before using the tar, as any 
injurious substances present in the tar become concent ratetl 
in it. 

White lead paint lias lieen re(-ommended for covering 
pruning cuts in Northern India. In experiments on this 
point, carried out in temperate (dimates, white lead jiaint 
and white zinc paint, both mixed with linseed oil, have 
usually been found the most eflic^acious, and the former the 
better of the two. 

Gondal Fluid 

This mixture has been recommended in India for painting 
over pruning cuts, chiefly as a preventive of the attar^ks 
of white ants, though the claim has been made that it also 
prevents the attacks of fungi. As the ingredients can be 
obtained only in that country, the preparation has merely 
a local interest : and, moreover, it would not appear to 
afford such advantages as to render it worthy of universjil 
adoption. For the protection of cuts against decay, other 
preservatives are more efficient. As, however, inquiries are 
Irequentljr made for information concerning this fluid, 
recipe is included for convenience of referonc^e. 

The substances required in the preparation of Oondal 
fluid are : 

One part dekamali r^in (the r«iin of Oanlmm gummifera 
or G. hmda). 

Two parts asafoetida. 

Two parts Bazaar aloes. 

Two parts castor (sake. 

These are well pounded, mixed, and kept in water for 
about a fortnight, using little more water than will cciver 
them. At di® end of that time they will have de(jompost«i 
into a thick paste, and water is added to this to bring the 
mixture to the consistency of paint. It is customary to 
add a red colouring matter, such as red ochre, but the latter 
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is of value only as an indicator. The effect of Grondal fluid 
is said to last for two years or more. 

Spraying Machines 

The rapid spread of the practice of spraying during the 
present century, especially in the spraying of fruit trees, has 
led to the introduction of numerous labour-saving appliances. 
In many cases the spraying outfit consists of a force pump 
connected with a large reservoir of the spray fluid, the whole 
being mounted on some conveyance so that it may be taken 
along the rows of trees. In others, steam pumps have been 
employed to drive the fluid from a central station through 
numerous pipes to the operators, the pumping machinery 
and pipes being transferred from point to point as required. 
It will, however, be obvious that such devices cannot be 
employed on the average tea estate, and recourse must 
therefore be had to the earlier tjq^e of machine, viz. the 
knapsack sprayer. 

Knapsack sprayers fall into two main classes, viz. those 
in which the hquid is expelled by continuous pumping, and 
those in which it is driven out by air pressure. In using 
the former, the cooly has to pump with one hand and direct 
the spray with the other, while with the latter he has merely 
to direct the spray. It appears to be the general experience 
in tropical countries, that the average cooly finds the first 
type of sprayer too fatiguing, and consequently does not do 
satisfactory work with it. For use on a large scale, the 
second type of sprayer appears to be the more preferable. 

In one type of air-pressure sprayer, the hquid is poured 
into the tank, and the requisite pressure is then obtained .by 
pumping in air, either by an independent pump, hke a 
bicycle pump, or by a pump fixed to the sprayer. There is 
little to choose between these two, but in the case of the 
second, the pressure may be increased if necessary at any 
moment without returning to the base. In another type, 
the quantity of arc in the sprayer is constant, and the pressure 
is obtained by forcing in the liquid and consequently com- 
pressing the contained air. Where sprayers of the second 
type have to be filled by a hand pump the operation of fill- 
ing takes a long time, and this has led to their condemnation ; 
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but special pumping apparatus lias been introduced, by 
which this drawback has been removed. A collection 
of knapsack sprayers together with the central cliarging 
pump is known as a Battery. All pressure sprayers have 
the disadvantage that, after continued tise, leakage occurs 
at the taps on the spray jet. 

Knapsack sprayers are usually made to hold four gallons 
of the spray fluid, but smaller sizes to hold two gallons or 
one gallon are procurable. The weight of four gallons of 
liquid, a little over forty pounds, plus that of the sprayer, 
makes a rather heavy load for the average tiooly, and an 
intermediate size, about three gallons, would perhaps be 
preferable. For spraying with Bordeaux mixture, or other 
copper solutions, the tank must be of copper, not iron, as 
the copper solution conrodes iron vessels and the spray liquid 
is converted into a worthless iron compound. But for 
sulphur solutions, iron tanks, not copper, must be used, 
because the sulphur attacks copper. The necessity of having 
two sets of sprayers has, however, been avoided by the 
invention of steel sprayers, lead coated, with a lining of 
Bitumen Mastic ; in these any of the ordinary spray fluids, 
copper, soda, or sulphur solutions, may be used. 

Bubber and leather parts perish rapidly in the tropics, 
and consequently sprayers with, metal valves are to be pre- 
ferred. The working parts should be as simple as possible, and 
should be readily accessible for cleaning or examination. 

The nozzle should deliver the i^ray m a fine mist. Those 
of the Vermorel type are usually the most satisfaetoiy. It 
should be mounted on the delivery tube in such a way that 
the bushes may be sprayed from below ; this may \m eflfected 
by a b«ttd in the tube near the nozzle. 

Sprayers should be washed out and cleaned after use, 
and should be periodically examined and tested. Where 
they are only used occaotonally, it is rare to find one in 
working order when wanted. 

# 

Shray Flvim 

The most effective togicidid i^ray fluids are those which 
contain ec^pper. The best th^ are Bordeaux mixture, or 
the modification of the Italian form of that, known as Woburn 
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Bonlcniix, h«)th of which ares (;opper-linie compounds, and 
Burgundy mixture, wliicii in a copper-soda compound. 

Bordkaux Mixture 

Bordeaux mixture is made i>y mixing together a solution 
of chopper sulphate and milk of lime. i)ilferent proportions 
have been recommended from time to time, but it is now 
usual to take equal quantities of lime and copper sulphate. 
5 !b. of lime and 5 lb. of cojpper sulphate in 50 gallons of 
water may be used. This gives a nominal excess of lime, 
which is an advantage in countries where lime is generally 
very impure. 

1’he milk of lime and the (;opper sulphate solution must 
be made separately and then mixed. It was formerly ad- 
vised that each should be made up to 26 gallons before 
mixing, and the two then poured simultaneously into a third 
receptaide, but according to the Woburn authorities that 
is unneceiMiaiy, and better results are obtained by pouring 
a strong copper solution into the milk of lime. 

The amount of copper sulphate which will dissolve in 
water dejiends upon tne temperature, Eoughly, at 60® F., 
100 parts of water will dissolve 36 parte of copper sulphate, 
while at 70 ’ F., HK) parte of water dissolve 40 parte of copper 
sulphate. As a gallon of water weighs 10 lb., 10 gallons of 
water will dissolve 86 lb. of (x>pper sulphate at 60“ F., and 
40 lb. at 70“ F. But in making strong solutions, allowance 
must Imj maile for the lowest temperature to which the 
wdution will be subjected, otherwise some of the copper 
sulphate will crystallise out as the solution cools. In prac- 
tkxs, it is not iwivkable to tiy to work too near the actual 
limite. If stock solutions of copper sulphate are made, they 
should not contain mom than two of two and a half pounds 
to the gallon. 

In preparing Kbnleaux mixture, diwolve the 6 Ib. of 
copper sulphate in 0 pllons of water. The easiest way 
is to tie up the copper sulphate in a piece of sacking and 
siis|wnd it at the top of a tub of water. The teceptecle must 
not lie nuwle of iron or zinc. This solution should be begun 
the tlay liefote it is required. 

But 6 lb. of quicklime into a bucket, aM slake it by 
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sprinkling it with a little water and leaving it for aI)out 
half an hour or so to (;rumhle down, d'hen mix it with 
more water so as to form a cream or milk, ami finally 
pour it into a tub, adding water to make the (piantity up to 
45 gallons. This inay also be done the day before using ; 
the lime water deteriorates slightly owing to the absorption 
of carbon dioxide from the air, but if tlie liquid is undis- 
turbed this action is confined to a surface film. 

When required for use, stir up the 45 gallons of milk 
of lime and pour into it the 5 gallons of copper sulphate 
solution, stirring it just enougli to secure <;omplete. mixing. 
This final mixture must not be made in iron or zinc vessels ; 
a wooden receptacle is the best. Very little stirring is 
required after the final mixing. 

If the sprayers are not provided with strainers, the 
mixture must be poured into them through a strainer which 
will remove any particles of sand, etc;., wlii(;h might bIo(!k 
the tubes. It must be remembered that the fungicidal sub- 
stance is the bluish- white powder which is suspended in the 
liquid, not the clear liquid which remains after the powder 
has settled. 

It is customary to give tests to determine whether all the 
copper has combined with the lime, or whether any copper 
remains in solution. With the cjuantity of lime stated above, 
it is improbable that any dissolved copper will he left. If, 
however, it is desired to test the mixture the following 
niethod should be adopted. Put a few drops of a solution 
of potassium ferrocyanide into a white saucer with some 
water, and drop into this some of the clear liquid obtained 
after the Bordeaux mixture has been allowecj to settle. If 
a browfi or red coloration appears there is some copper left 
in solution. More milk of Kme must then be added to tlie 
Bordeaux mixture, and the test repeated. 

WOBUEN BoEDEAUX 

Recjent researches at the Woburn Experimental Fruit 
Farm have led to the recommendation of the following 
modified Bordeaux mixture, known as Woburn Bordeaux. 
With this mixture, much less cmpper is required, and clear 
lime water is used instead of miik of lime. The quantities 
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required are 1 lb. of copper sulphate to 13| gallons of cleat 
lime water, with the addition of soft water sufncKUit to 
bring the whole to 76 gallons. 

Dissolve 1 lb. of copper sulphate, as directed altove, in 
1 gallon of water. Slake about a pound of qui(;klirne, and 
put it in a tub with about thirty gallons of water ; stir up 
the mixture two or three times and leave it to settle uiitil 
the liquid becomes quite clear. The clear liquid contaiUH 
lime in solution, and is lime water. Run off 13| gallons of 
the clear lime water, and mix it with the copiier sulplnite, 
not in an iron vessel. Finally, add soft water to bring 
the whole mixture up to 76 gallons. As the linie in this 
preparation is reduced to the minimum, the liquid should 
be tested by the ferrocyanide method, and if the test shows 
that some copper still remains in solution more lime water 
must be added. 

The advantages of the Woburn Bordeaux are (1 ) it re- 
quires a smaller quantity of copper sulphate and is therefore 
cheaper; (2) lime water is used instead of milk of lime, and 
with the poor quality of lime which alone is available in 
many districts, the former is more easily obtained In a 
satisfactory strength. 

If soft water is not procurable, hard water may be softened 
by adding lime water to it. Water in a chalk district may 
be softened by adding about twenty-six fluid ounces of lime 
water to every 10 gallons, and even in the case of soft water 
or rain water four or five fluid ounces of lime water may with 
advantage be added to every 10 gallons to remove the 
carbon dioxide in it. Thus of course should be done before 
adding the soft water to the copper sulphate - lime water 
mixture. 

The preparation of these spray fluids is no doubt a trouble- 
some process, but it is within the capacity of the average 
dispenser. Attempts have been made to avoid all the trouble 
hy manufacturing a paste which has merely to l>e mixed wit h 
water before using, and these have been successful, as far 
as temperate countries are concerned. But these pastes 
invariably decompose under tropical conditions, and up to 
the present no method of overcoming that appears to have 
been discovered. 
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BuR(iUNI)Y MiXTURK 

This spray is more easily prepared than Bordeaux mixture, 
and has the advantage that there is no sediment to clog the 
sprayers. In districts where lime is not readily available, it 
offers a good substitute for the lime-copper sulphate- sprays, 
and during recent years it has been steadily increasing in 
favour. It is claimed that it adheres longer to the, plant, 
and is less easily washed off than Bordeaux mixture. It is 
somewhat more expensive than the latter, as the cost of soda 
is higher than that of lime. A mixture of copper sulphate 
and soda in the requisite proportions has been put on tin*, 
market under the name of “ Blighty ” mixture. 

Burgundy mixture requires : 

5 lb. copiMjr 8ul[)hftt(‘. 
fl| lb. washing soda. 

50 gallons water. 

Dissolve the copper sulphate in about five gallons of water. 
Dissolve the washing soda in about the same quantity of 
water, and mix the two solutions, afterwards adding water 
to bring the total to 50 gallons. This constitutes what is 
known as a 1 per cent mixture. 

An Adhesive Mixture 

To increase the adhesive properties of Bordeaux or Bur- 
gundy mixture, the following solution may be added. Dis- 
solve 1 lb. of washing soda in 1 gallon of water, and boil ; 
then add 2 lb. of ream, and boil tor about an hour, keeping 
the naixture well stirr^. One gallon of this solution should 
be added to 24 gallons of Boid^ux or Burgundy mixture. 

LiME-SumiUR SoLunoK 

This maj^ be used, after pruning, to remore Thread Bl%ht 
or Horse-hair Blight from the main branches and stems of 
the bushes. In such caim it m&y be applied with a brush 
of coir or other material. The Mlowing is one method of 
preparation. 

Slake 4 lb. of quicklime, and put it in an iron drum 
or boiler with about six gallons of water. The drum should 
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be capable of liolding about twelve gallons of fluid, and 
shouki l»e marked inside at the lO-gallon level. Boil the 
lime and water mixture, and when boiling add 4| lb. of 
Hulplmr gra<lually, stirring the mixture all the time. When 
all the Hulpluir huK been added, pour in boiling water to 
bring the level up to the 1 0-gallon mark, and boil for an 
hour longer, keeping the total volume at 10 gallons by add- 
ing kMintj water. When cool, this forms the stock solution; 
for use, it should be diluted with ten times its volume of 
water. 

Flowers of sulphur must be used in preparing this solution. 
If it is desired to keep the stock solution for some time, it 
sivould be stored in full, air-tight vessels. Lime-sulphur 
solution must not be stored in copper vessels, nor used for 
spraying from copper sprayers. After being used with this 
solution, all sprayers should be thoroughly washed out and 
cleaned. 

Alkalink Washks 

The following washes or sprays have l)een recommended 
for applicatifin to the stems of tea ljushes to remove mosses 
and lichens, and to bushes which are hidebound. 

(1) 2 lb. caustic soda, 98 per cent pure, dissolved in 10 
gallons of water. This gives a clear solution which can be 
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These soda washes must not be a])|)lie(l to leav(iH or young 
wood, d’liey can therefore only be used after the bushes 
have been clean pruned. In temperate climattis, when; tliese 
or similar mixtures are used as winter wasluis, it has been 
found that, though a single application does no appr(;ciable 
harm to stems, they cannot be applied annually without 
injury to the bark.’ This consideration, howiwer, is not likely 
to arise in the case of tea in (k;ylon, if the application is 
restricted to the pruning period ; but it must be taken into 
account in districts where the bushes are pruned ev(‘ry year. 
The application should be restricted to one year in four. 


(Joi’i’KK Soda Emulsion 


(Woburn Winter Wash) 

This has been recommended in Northern India for the 
treatment of Velvet Blight ; and as it is a comliined insecticide 
and fungicide its use is indicated in similar diseases in which 
the occurrence of the fungus depends in the first instance on 
the presence of scale insects. 

The ingredients of this wash are : 


Copper sulphate 
Quicklime 
Kerosene . 
Caustic soda 
Water . 


l| lb. 

|Ib. 

5 pints. 

2 pounds. 
0| gallons. 


The copper sulphate is dissolved in about eight gallons of 
water in a wooden vessel. Half a pound of fresh lime is then 
slaked, and made into a milk with water, and added to tlie 
copper sulphate solution, being run through a piece of sai-king 
to remove sand and coarse particles. The mixture is then 
churned up with 5 pints of kerosene, 2 Ib. of soda are ailded, 
and the whole made up to ten gallons. 

Kerosene with a high boiling-point, such as Solar Distil- 
late, giv^ better results than the ordinary kerosene used for 
lighting. 


CHAPTER VII 

MYCOLOaiCAL NOTES 

la Them Sawada. — Massee decided that the tea PeMftlmztu 
alozzia Guepini Desm., a species which occiirB inx (himdlm 
in greenhouses in Europe, and a great part o£ hin lu^count 
Blight deals with the fungus on that plant, not with the 
►n tea. In 1907, Bernard, who had studied tlia of 

ia on tea and coconut in Java, decided that the forroer wan 
uepm% but was identical with that on coconut, viz* i^edalmziu 
n Cooke. In the Quarterly Journal of the Indian Amocia- 
6, however, it was recorded that Butler had examined (boke’B 
cimen of Pestalozzia palmarum, and had found tliat tlie Hporea 
species were smaller than those of the specieB on ten Mean* 
■awada had named the Pestalozzia which occura on ten in 
b, Pestalozzia Theae, and the latter is undoubtedly the aame 
n tea in India and Ceylon. The spores in the type of Pmtakmm 
m measure 15-'21 x 5-6 fc, and are smaller than thtwe of the 
zia found on tea, which are 20-35 x 5-11 /a. Sawadii^s niiniii i» 
ently adopted. 

totfichum Camelliae Massee. — ^The other species of Cfidlekdrk/mm 
eosporium which have been recorded on tea are (MMcdrmfmm 
Ell. and Ev., from. North America, conidia 12-15 k 3#»5 /i, 
0-80x3 ft; Qheosporium Theae Zimm., from Kimt Afrieiii 
14-19x4-6 ft; and Gheosporium Theae-sinermw Miyake from 
conidia 4-6x2 ft. In GoUetotrichum OameMum^ the eotiiiliii iiri* 
4-6 ft, and the setae in the normal aeervuli vary from 36 n 4 
< 7-8 ft. It is most probable that OoUetatriehum (krtmi fimt 
oriwm Theae are identical with Colletotrichum Oemudlkm, (ikmh 
h forms of ^ the latter, with minute acervuH, 12C> fk dkirielftr, 
uidia, 14-18 x 4-6 ft, have been found on tea twi^ in (%!oio 
mium Thme-munsi$ would appear distinet in itn smaller 
, But the minute aeervuli which occur with Gmkfmmim 
:m frequently have small spores, and of (MkMrk/mm 

Im on tea twigs have been examined in which thm wmm 

-6 x2-3 ft, and the setae, 16-32 p, loio^ ; iJtkB seta# ia tMi 
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formed a complete ring round the acervuluH and were hidden beneath 
the ruptured epiderrniH. 

Ouignardia Camdliae (Cooke) Butler. -Thia waa originally de- 
scribed from Johore by Cooke as Hpliarrella Camillcm, the name 
being changed to Lacstadia Camilleae by Berlese and Voglino. On 
the same leaves there occurred a pycnidial fungus, which Cooke nanuMl 
Phoma Camilleae. Subsequently Raciborski collected a fungus dn tea 
in Java which he named iMestadia Theae, this name being changed 
later to Ouignardia Them by Bernard. Zimmermann, in 1902, sug- 
gested that Ouignardia Them, was identical with Pphaerella Cnmellme. 
The type specimen of the latter in Herb. Kew has been examined by 
Butler, who has affixed to it a note stating that it is identical with 
Lasstadia Theae, and with the fungus which causes Copper Blight in 
Northern India. The author has also examined the same Ht)ecimen, 
and is of opinion that it is identical with the species which ims been 
recorded from Ceylon as Tjoestadia Theae Rac. There is therefore 
general agreement that Ouignardia Oamelliae occurs in India, Ceylon, 
and Java. 

Raciborski stated that he found CoUdotrichum Camelliae Ma^ee on 
the same spots as Ouignardia Theae, the spores of the former measuring 
7-9 X 3-4 g, and he su^ested that the OoUeMrichum was the conidial 
form of the Quignaraia. The same condition is found in Ceylon. 
Shear and Wood, from an examination of diseased leav^ of tea found 
on greaihouse plants in Ammca, stated that OdUeMritAim OamdUm 
was undoubtedly the conidial form of Qlonmetta mmiMa (Stonem.) 
S. and V. S., and included Laestadm Camdliae (Cooke) Bert, and Yogi, 
as a synonym of the latter. Indian mycolqgists, however, though 
a^eeing with Shear and Wood that the pmthecia which accompany 
OoUetotriehvm Camdliae are OlomereUa cingtdala, maintain that 
Oui^rdia CamdUae (Cooke) is a different species. 

Shear and Wood give the dimensions of trie ascosporas of OlmmeMa 
cingulata as 9-24 x 8-7*6 p, the range on tea being 10*6-24x4-7*6 p. 
Raciborski described the perithecia of QuAgnariia Thme as 90-116 p 
diameter and Hie ascospores as 10-12 x 4-6 p, while Bernard, who 
compared his specimens with Rariborski’s type, gave the immportie 
as 12-16 x8-6 fi. ■ Bernard did not find Cmrntmdivm CamdUae on 
the leaves bearing Ou^nardm Theae whidi be collected. Butler givwi 
the perithecia of Ouignardia Camdliae as up to 250 p diameter, with 
ascospores 12 x 8 and fffie perithecia of Qlonmdla cinguMa on Pkm 
as about 100 p diametef, noth aeoospores 14-19 x 3*6*6 p. Tunstall awl 
the peritheda of QUmerdla cingtdada on tea as up to 160 ju. 
with ascospores 12*6-18 x 8*6-6 ft, and the iwrithecia of 
OmndUae a& about 100 p dmini^, witit asoosiKwes, 
X 6-7*6 p. In Ceylon, the perithecia which accompany ncmnal 
CamdMm m ba, are up to 260 diametser, not b«»ked, 
8-17 x4-6 in the same peritheoium, and a jwnfe of 
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There does not appear to be any constant character by which theno 
perithecial forms can be separated. It is to be observed that OlomenMf^ 
is a culture ” genus, and it is very doubtful whether it can be diB- 
tinguished from Guujnardm in nature. The weft of hyphae requirecl 
by the generic description certainly does not occur with the peritheciti^ 
wliich accompany Colletoirichum Camelliae. 

Bhirther complicating this question are the minute crater-like spotB 
which accompany Guignardia Camelliae, The fructification whicli 
precedes these spots was named Phmm Gamilleae by Cooke, who gave 
the spore measurement 10 x 5 /x. Shaw who examined them in Indiii. 
described the spores as furnished with a mucilaginous appendage- 
Eaciborski stated that these fructifications were Goiletotrichum Camel-^ 
Ime, and gave the spore measurement 7-9 x 3-4 /x. Tunstall and Bosa 
describe tnem as black pycnidia with short beaks, but they state tha^ 
the upper part of the pycnidium wall disintegrates when mature^ 
from which it would appear that the pycnidia are not ostiolate ; thenc? 
authors also state that the spores, which measure l()*85-r2 x 6’5-7'5 
are detached from the pycnidial wall retaining their pedicels or basidia- 

In Ceylon, this pycnidial fructification may be found with the 
perithecia of Guignardia Tfieae,, or with typical acervuli of GolUlotrichunh 
Oamelliae^ or occurring alone. In the latter case, the spots bear 
numerous minute black points which, viewed macroscopically, appear 
to be true pycnidia. When sectioned and mounted, however, it in 
found that these are not true pycnidia ; the upper part of the spheres 
is thin, fuscous, apparently composed of one layer of cells, and there 
no ostiolurn. When mature, the upper part breaks irregularly, as in 
Uolkiotriehum, The spores are broadly oval, 5-8 x 3*5-4*6 /x. Theaa 
fructifications are frequently situated beneath the stomata. Aftiir 
the spores have been li. berated, they appear as minute brown cratem, 
the colour being due to the exposed tissue of the leaf. 

On the leaves which bear GolleMtnchum or Guignardia, the okl 
emterdike spots do not show any pycnidium. Prior to the formatiotr 
of the crater, there is a pseudo-pycnidium, identical with that de- 
scribed above. The spores in these examples vary : some are broadly 
oval, 8-1 4x3-5 /x, others narrow-oval, 9-16x2 /x. In many casii», 
sliort abort.c»d H<4;ae, uj> to 16 /x long, occur at the edge of these crater», 
usually hidden beneath the ru|)tur 0 d epidermis. No mucilagiiiott« 
appendage 1ms bexm observed, but the spores sometimes show a slight 
contraction into a peg-like base. 
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Hendersonia tJieicoki (/'ooke.—Mafisee daimod that CVK»ke’K fungiiH 
was not a Hendersonia, but a form of PesUilozzia 7'heae, in which the 
characteristic setae were not developed, as he obtaine<i such fornw 
in his cultures of Pestalozzia. That view was strongly opjK»8(Ki by 
Speschnew, who stated that in culture the Hendersonia 8f)oreH never 
produced setae, while a Pestalozzia culture which had produced sjasres 
destitute of setae yielded normal setiferous spores later. Aborts! or 
imperfect Pestalozzia spores are common, but more so in nature than in 
culture ; in the latter, they tend rather to a greater luxuriance of setae 
than to the suppression of setae or septa. It is to be noted that the 
Pestalozzia cultivated by Massee was that on Camdlm japonua, not 
the one on tea ; and further, with regard to CkKjke’s Hj)e(nttien, that 
it is usually possible to find Pestahzzia spores on any diseased ten leaf. 

The fungus which is regarded as Hendersmia thneda in Ceylon 
has minute pycnidia, about f)0 p. diameter, tumished with a distinct 
ostiolurn. Its spores are narrow-oval or subcylindrical, three-septate, 
slightly constricted at the septa, rounded at the ends, ftiliginous to 
pale brown, 8-10 x 3-6-4 p.. It has been found on “ stubbed ” leava^, 
and with Grey Blight. In one case, the Pestalozzia sjwres on the same 
leaf, in close proximity to the Hendersmia, measurexi 28-34 x8-12 p,. 
These Hendersonia spores could not by any effort of imagination be 
considered abnormal Pestalozzia spores, 

Og)Mewro#.“Cunningham named the species of Cephdewm on 
tea and other plants examined by him, Myaddm parasUim. T^ere 
is not much doubt that he include more than one species under t^t 
name. Subsequenl^ Hariot refeped the sttp«rfidal sppsiee dewri W 
by Cunningham to Vephdeur^ vmscene Kunze, a specie collected in 
Cuba, and described in 1829, There is no type sp^tmen of the latter, 
and the d^ription is inadequate; con8ec[uentry Karsten (1891) in 
his paper on me Gkroohpidm of Java rejected Kunze’s name and 
adopted the name Cephdmros mycoidea. As Karstan’s detenninations 
are the first which can be definitely interpreted, they are followed hero, 

BadUus Time Hori and Bokuta,— -Rod-shaped, rather large, vary- 
ing in size with the medium and the age of the culture, usually I '4-1 *8 p 
long, O'8-l p broad, ends rounded, frequraxtilv in chains of two or three ; 
rapidly producing spores within three ot four days ; fumkhtsi with 
6 to 8 fl^lla from round the body, actively moriie. Demloriseti by 
Gram's method. On normal agar, forms pale greyish-white ooioni««s, 
the medium becoming dark brown with age. On poteto, the colcmiw 
are pale greyish white, chai#Qg later to a rtraw colour. With the 
addition di duoMte, sacchapi^, <» glycerine, the growth increases 
proporrionatdy up to a certain limit. Liquefies Ratine, but doe» 
not coagulate milk wn fermaat sugars (ducf^e, saccharMe), Bouillon 
shows a weak mdd reaction after one week. Anaerobic growth poor. 

Thmd Specimens of Thread Blight on tei were sent frorrn 

India to Iferkeley about 1878, Berkley named the fungus Oortmvm 
r^ems, hut statm that ha had be®a unable to detach the spmw m 
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IS to ascertain their form and nature. No type specimen of Corticium 
x^ens is now available. From a figure published by Berkeley in the 
"Quarterly Journal of Microscopical Science, xv., n.s. (1875), p. 131, it 
tvonld appear that he had one of the Thread Blights, not the Black 
Rot fungus, but in the absence of a specimen it is impossible to say 
vhich. 

In 1898, Massee described an Indian Thread Blight on tea as 
Stilbum nanum. The type specimen of Stilhum nanum in Herb. 
Kew, however, though it is the specimen figured by Massee, does not 
bear any Thread Blight. Hence it is not possible to state definitely 
bo which species of Thread Blight Massee intended to apply that 
aame. A few years later, Massee received further specimens of 
Thread Blight on tea from India, and these he named, and included 
in Herb. Kew as Stilhum nanum. But these latter specimens bear 
fructifications which show that they are identical with the epiphytic 
species of Ceylon, Marasmius pulcher. The imperfectly developed 
form of this species was named Cyphella puhhra by Berkeley and 
Broome in 1873. 

The bulk of the hjrphae of the cords of these Thread Blights are 
about 3 ^6 in diameter, thick-walled or solid, and are thereby readily 
listinguished from the Black Bot fungi. Thin-walled septate hyp)hae 
occur chiefly at the base of the thread. The anker cells of the parasitic 
species, in the available Ceylon and Indian examples, are, for the most 
part, spherical or oval with apical and basal points, 12-24 x 8-10 p : 
examples which bear a ring of projections round the middle, as figured 
by Zimmermann, are rare. The ultimate branches of the hyphae 
of Marasmi/us pulcher are extremely fine, and are branched in a dendroid 
fashion. 

Nectria cancri Rutgers. — This species is identical with Nectria 
hmmatococca B. and Br. The latter is very common in Ceylon, 
where it occurs on Hevea and cacao bark and pods which have been 
attacked by canker {PhytopMhora Faberi), as well as on other dead 
plant tissues. It would seem probable therefore that the Indian 
species on tea has been misidentified. 

Macrophoma theicola Petch. — This is the cause of the common 
branch canker , of Ceylon, formerly attributed to Nectria. The first 
stage observed is a Gytospora, but this is only evident in very wet 
weather. The perithecial stage was originally described as Physalo- 
spora neglecta, but it falls into the recently instituted genus Desmotasom. 

Corticium salmordcolor B. and Br. — ^As the cause of a disease, this 
fungus was described (1901) by Zimmermann in Java under the 
name of Corticium javanicum. Previous to that, a different fungus 
had been described (1899) as Aleu/rodiscus jmcmicus P. Henn., and 
when the latter was included by Saccardo in Sylloge Pungorum, its 
name was changed (1902) to Ooftiaiwm jcwcmicum (P. Henn.) Sacc. 
and Syd., as Saccardo did not then recognise the genus Alewrodiscus. 
Consequently, when Zinimermann’s fungus came to be included in 
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the Sylloge, the name Corlidum javanic.um had been used, and Zim- 
mermann’s species was therefore renamed Corlidum Zinmu’rnmnni 
Sacc. and Syd. (1902). In 1906, Pink Disease was found in Ooylon, 
and as the fungus was undoubtedly the same as the Javan species, 
Zimmermann’s name, Corlidum javanicum, was adopted for it, 
Saccardo’s alteration being obviously invalid. There has never been 
any doubt that the Pink Disease of the Eastern Tropics is caused by 
the same fungus in all countries, the only point considered doubtful 
in some quarters being the particular name to be adopted for it. In 
1911, however, the writer found that the fungus had been nam«l 
Corlidum sdlmonicolor by Berkeley and Broome in 1873, on 8j>ecimenH 
sent from Ceylon by Thwaites ; and, unless some earlier name is 
discovered, that is the correct name of the Pink Disease fungus. At 
the same time, the writer suggestefl that the fungus of the similar 
Pink Disease of the West Indies, which was said to be Cortwium 
liladno-fuscum B. and 0., had been wrongly identified. That sug- 
gestion has been followed up, and it is now known that the West 
Indian Pink Disease is also caused by Corlidum aalnumicohr B. and Br. 

Corlidum salmonicolor sometimes forms a fructification embedded 
within the bark. The outer layers of the bark subsequently rupture 
and disclose an orange-red mass of spores, in a circular or irregular 
cup formed by the ruptured bark. This form was named Necator 
decretus by Massee. It was found on tea in Java by Zimmennann, 
and has occurred on coffee, Hevea, Amherstia, etc., in other countri^. 
The spores are irregularly oval or spherical, hyaline, 6’5-2l-8 x 8-75-85 /t. 

Nectria dnnabarina (Tode) Fr. — Tunstall gives the following 
description of this species on tea. Perithecia 0'2-04 mm. diameter, 
solitary or clustered, sometimes ariang from oonidiophotes, usually 
on a pulvinate stroma, dark red, becoming brown and sornetimes 
black, spherical with a conical ostiolum, covered with hairs which are 
sometimes granulated ; asci 47-66 x 11 /x, oylindric or clavate, slightly 
attenuated above, eight-spored, s^r^ biseriate ; sporw oblong, 
slightly curved, one-septate, hyaline, longitudinally striate, 10-15 x 5 ft. 
Tuheredaria stage, pulvinate, pink, 0*8 mm. diameter ; conidiophotos 
branched ; conito oval, hyaline, 7-6-10 x S-3-76 ji. Fnmrium spores, 
4-11-septate, 87-60 x 8-3-6 /x. The villous penthecia do not agreii 
with Nedria (mndbarim, and the <x>aidial stage is different, 

BtQMla Them Bern. — ^This species would appear to be very cl<»«o 
to, if not identical with, ^iXtnm nmtm Massee, Masses dmtribed 
Ms species as yellow, but from the type specimen it was evidently 
red whm fresh. Stilbum nmtm has never been observed to be other 
than saprophytic in Ceylon. 

Irpex msVrwm Fetch. — ^This is identical with the fungus recorded 
from Oeyltm by Berkdey and Broome as Irpex zmatus Berk. IJoyd 
states that the latter idmtification was incorrect. 

BeptohomMum (Vdvet Bli^t).— Blue when fmh, purple-black 
when di^, up to 0-8 mm. tibok, lEteicture strati^e, not columnar 
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internally. Basal layer variable, when overrunning scale insects, 
densely interwoven and solid, with small cavities, some of which 
contain hyphae bearing globose spores, 4-6 fju diameter, elsewhere a 
thin layer of interwoven hyphae : above the basal layer, alternate 
loose and dense layers of interwoven hyphae. Hyphae purple-brown 
to hyaline, 3-4 diameter. 

Septobasidium sp. — The species figured on Plate II. clothes the 
stems of seed bearers for a length of several feet. Towards the 
advancing margin it is slate-coloured, transversely zoned, with a 
white fibrillose edge. The older parts are purple-grey or brownish 
grey, even or slightly nodular, compact, cracking into more or less 
rectangular areolae, up to 0*8 mm. thick, stratose, composed of 
loosely interwoven, dark brown, regular hyphae, 3 fi diameter, which 
ultimately fuse and form an irregular, continuous network in section. 
The protobasidia are spherical or pyriform, 10-14 /x diameter. 

Grey Fungus of the Dadap . — The following is the description of 
the grey Septobasidium which occurs on dadaps in Ceylon. Patches 
irregularly circular or oval, up to 8 cm. diameter, even, rather dark 
purple-grey with a reddish tinge here and there ; lacunose at the 
margin, with slight radial ridges there on the basal layer, but no 
evident pillars. Thickness in the older parts, 0*4 mm. ; basal layer 
0*15-0*2 mm. thick, compact, almost parenchymatous, containing 
laterally-oval cavities up to 0-5 mm. long, 0*2 mm. high, red-brown, 
with a dark, dense line separating it from the middle layer : middle 
layer loose, 0*05-0*1 mm. thick, red-brown, composed of thick- walled, 
red-brown hyphae, 3 /x diameter ; upper layer compact, 0*15 mm. 
thick, composed of more or less parallel erect hyphae. Protobasidia 
elongated-oval, hyaline becoming brownish, thin- walled, 16-26 x 8-10 {jl. 

Rhizoctonia sp. — The fungus referred to under this name, as 
ringing the new shoots of collar-pruned bushes, has a yellow-brown 
mycelium, consisting, in the older parts, of hyphae up to 16 /x diameter, 
with walls 2 /x thick, branching at a wide angle with expansions at 
the forks, irregular, with frequent angular projections of the walls, 
and without septa. From these arise similar hyphae, 10 ^ diameter, 
cut ofi by a septum from the parent hypha, which diminish to, or 
give off branches of, a diameter of 3-5 /x. These finer hyphae 
are thin-walled and hyaline. Occasionally a hypha, 12 [m diameter, 
may be regular, thin-waUed, and closely septate for a considerable 
distance. Terminal oval swellings, up to 40 x 28 /x, cut off by a 
septum from the parent hypha have been observed on h 3 rphae 4 
diameter. 

It would seem possible that the above fungus may be identical 
with Protomyces Them Zimm., described by Zimmermann in 1901 
as occurring partly on the surface of, and partly within, the roots of 
tea in Java. The mycelium was yellow-brown and thick-waUed. 
Within the root the h 3 rphae bore terminal or lateral, irregularly 
globose, thick-waUed swellings, up to 140 x 220 usually several 
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together. Zimmermtinn considered that these swellings might be 
asci, but he did not observe any formation of spores. It was rujt 
determined whether the fungus was parasitic, or sjij)rophytic. 

Rosellinia areuata Petch.- -This is the species recorded by Oarruthew 
as the cause of root disease in tea in Ceylon, under the name Itosellinm 
mdiciferda Mass. Subsequently it was referred by the writer to 
Rosellinia hothrina B. and Br., from Berkeley and Broome’s description. 
An examination of the type specimen of the latter, however, showed 
that it did not correspond to the description, its sporai being obtuse, 
not “ very acute.” The spores of the typo of KoseMnia bothrina are 
narrow-oval, subeymbiform in one aspect, ends rounded, 28-JI8 x 8-1 1 /.t, 
while those of the species parasitic on tea are cymbiform, 40-47 x 5-7 ft, 
with ends atmte and often suddenly contracted in the last 3 ft. It 
will be evident that the shape of the sjmre is quite different in the 
two species and cannot be regarded as a “ minute difference.” This 
second species was sent to Berkeley and Brtmme at the same time 
as Rosellinia Iwlhrinu, but was referred by them to Rosellinia aquUa 
Fr., which it is not. Consequently it was necessary to find a name 
for it, and the specific name areucUa was adopted, from the shape of 
the spores (cf. Ann. Rerad. vi. p. 176). 

The possible explanation of the discrepancy between Berkeley and 
Broome’s description and the type specimen may be that they mm- 
labelled the specimens. RoseiUima bothrina was Thwarts 299, while 
the specimen asmgned to RoseUinia aquikt was Thwaites 219. It 
may bo suggested that these numbers should have been reversed. 
But, in cases of this kind, where the t)rpe specimen differs from the 
description, it would seem essaatial that the type specimen, not the 
description, should decide the identity of the specie. If it were held 
otherwise, nmfcolofpts would have to tiy to find species to fit de- 
scriptions which (io not correspond with any fungus which ever 
existed. 

RoselUma hmodes (B. and Br.) 8aco.-™Thi8 was originally de- 
smbed by Berkelw and Broome from Ceylon specimens. Its peri- 
thecia are rough with ramll warts, up to 0-1 mm. high, with a some- 
what lozenge-^ped hem, 0-2-0-4 mm. across. Its ascospores are 
80-110x7-12 (A, with tips produced into a thread-like |)oint which 
may be 26 ft long. It is apparently closely allied to Roselltnia edtinata 
Massee, found on mango at Sn^pore, and to RemtUnia Goliath 
(Sp^.) V. H. from Soulh America (et. Arm. Pm-ad. iv. p. 434), 

UskMna mmda L4t,— 'T his sp^es was origmally described from 
Specimais sent fieom C%lon about 1870 were referred by 
and Broome to the Suropean specie, VsiuUna mdgam Tul., 
it closelv resembles. The zxmation is due to periodic stopf^^ 
constant feature. On an even suifiice, met 
up to 9’6 cm. long, 4 on. brtM^, and only 
centre, vtm H^hn^, who odlected spe^mms 
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but its (lov«»Ioptn«»nt. huH b«*(>n wat<-h(«l on numerous occasions in 
Ceylon, ami in that country the stroma is always conidial at first, 
bearing, in the whit** stage, hyaline conitlia on closely packed basidia 
over the whole surface (cf. Ann. PmuL v. p. 2B6). It was first 
observwl to be jtarasitie. in Ceylon. 

AphfiirmtillM' reftruH B. and Br. -This was first rea^rderi from 
Ceyhni in lH7Jt, the specirrmns occurring on jak (Artomrpm integri- 
folitt). It has sine<* been fount! to attack arrowroot, papaw, Hevea 
hntJiilirmk, and cacao. The t>ld name is here retained for it, but 
strictly it siMHihl be referretl to Gorallmujcm, as Oorallomyces repens. 
It is eltately allitsl to the tyjie species of the genus Oorallomyces, 
(Umittomycrs I’liynm B. and (!., from the West Indies, which similarly 
attacks cacao. It has been fourul growing as a wiprophyte on chi[)8 
of jak wtssi, anti t>n felhsl dadap logs. In the latter case, the mycelium 
fornietl a (‘ontinutuis sheet lietween the wcmhI and the bark, bordered 
by a iH'twork of advancing rhizomorphs. The conidia are remarkable 
for their grmt variation in size, from 9x6 to 22x10 p. Conidia 
S4»wn on the cut surface of a rhizome of arrowroot in a damp chamber 
developfltl the conidial stage in seven days and the perithecia in 
twenty-iaie days. The rhiztmiorphs are from 2 mm. to 1 cm. broad, 
iind (bS to 2 turn, thick, red^brown, flattened, sometimes fusing into 
a continuous sheet ; they are tnarkf%I on both surfaces by an almost 
continuoMS median groove, and short, oblique, lateral grooves. 
Internally they are white, and comptated of loosely interwoven hyphae, 
4-8 p in diameter. The cortex is up to 100 p tWek, and consists 
of four to six layers of rounded or polygonal cells, 10-15 p diameter, 

Botryodij^mm Tkmbromm Pat.~A discussion of the synonyms of 
this siKtcies was’ published in the Anmk of the Eoyal Botanic Oardms, 
"“■“■^““*" 1 , iv. pp. 445-465 (1910), in a paper entitled “ On Lasio- 
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from BpecinieiiH from Houtli India in lk*rkaluy’H Tlir* 

type specimen is very poor, and probably for tliat reason the naine. 
was not published by Berkeley, but it api^ears to lie iderific*al witli 
the Ceylon species for which the name liaB Ixnm adopted. When sent 
from Ceylon by Thwaites it was aHsigntMl to an Anierieiiii species, 
Polyp(yrm vinctm Berk. 

Poria hymhfunnm Peteh.— This was found tA> be piirusitic on I/mn 
in 1905, and was then recorded as Parm vimia Berk,, from ii coin- 
parison with the Thwaites s specmneriH in the Peradeniyii Ilertiariiini, 
Thwaites included two species under his number 20B, tlie one sent 
to Kew being Poria hymiulmiia and the one retaii:ic*d at l:^ariideiiijn 
Poria hypdmmnea. The Kew speeinien was assigned to Polyporm 
mnctm, and lienee the same name was attiiched the Penideriiyii 
specimen. Poria hypolmmnea is common on but tijipears to 

be rare on tea. 

Fowm lafrm)enm Murr.--Cunningham’s description {I8B7) of 
the tea root disease examinefl by him leaves no doubt that ho wm 
dealing with Brown Root disea-sa. On keefung iiftetiaiJ roots in a 
damp chamber, they developed a green mould, but ha wm iinabla 
to determine whether that was eomi^tol with the lirowii niycaliiittn 
Zimmermann (1SK)4) described the same diseas© in Java, and stitiilarly 
obtained a green mould which he named BpofMrmfmm rmlkmimm ; 
he did not consider it probable that the Mpm>irwkum was reliit^i to 
the brown fungus. In Ceylon, m similar gr^n fungus which develop 
on roots attacked, by Brown. Root dkisie is the cotitflmi stage of ii 
Hyfoatm which pows on other fungi, either l^UmnymUm or 
PyrmomyeMae. Zimmermann may be said to have originat4id the 
name Brown Root disease, m he called the fungus the Bitiwii Itool 
fungus. In 1905, the d,i»«s@ was discovered on /M.wi in (Vyliiti 
and was recotoed in the Annud Beporl of tM Myeoloywt m prolmbly 
identical with the HywhmmhmU found on eacacj in Banioii. 

Specimens of the fungus which causes the Samoan tlistmw wore 
sent to B«*keley in 1875 with the information that it did grtmt daiiiagti 
to' bread*fruit imm* Berkeley did not publish any dt^criplion of 
the sp^es, nor did he label the ipeeimiais with any name, but in 
hk MS. catalogue of Ms herbarium he inseitel tlia name limmuh 
ehade mma opposite the numher of the specimen, (jmike piiblkk^l 
the name witnont dwcription in viii. p^ 149, stating at 

the same time that the fungus had .no wtee, and should be excliidwi 
from HymmodmMBl Thus, the name was nmm nmlmh atid iid- 
mittedly incorrect. Subs6^u®n%, Mawiee {Jmr, Lim. Bmk x-tviil 
p. 108) dewrib^ it as HyfnmmM^ (m% stating that Ilia $etm 
are 40-70 X 54 /li. 

Ihe type of ffymmcJmeie nmm in Herb. Kew consist# of niyceliiini 
only, in farge toim pads, up to 2^6 mm* thick Tht bulk of the pd 
is yellow-brown, somewhat spongy, and ocmsiite of 
ydttow-brown lyplae, genc^y 34 p diamettf, hut «iiiieiim« II ^ 
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fiittiiiet.i'r, thximm\ «|iiiriiigly H«»pt:at4% with whUh nlightly tliickenod. 
Tim i« by ii tliiii, brittli% bla(‘k c.ruBt, about 0*()*i nirn. thick, 

wfiirti in ^ mitli a thin, bynnoid, ml-brown layer of hyfihae 

«ifiiiliir to tlic iiiiiiri iiiiihb, but HometirneH Htraightc^r ami with thinner 
wiiik, iiiicl tmiiinating in an irregular point. Here and 

tliera tlm i4iirfi«*e i:i[ipf*!ir« more velvety, and theH(5 velvety fiatcheB 
lieiir erect, ^ tfii«*lc»Wiilli,»cl Iiyphiie, dark yellow-brown, with pointed 
or iilit4ii4e tipi4, nirnple or liriim^hed above, up to 150 /x long ; thoBe 
tiypliiiif ri*i4eirilila HipfmmwhnHe aiitae. 

Tlie geiiiiriil atTiiefcure of the type of Htjnmmmfmele noxia reBetnlileH 
tliafc cif till! tiiy(.*i»litiin on roota attacked by .Brown Hoot diBeaHO, but 
it IB n iiiindi liirger ^development than anything yet obnerved in the 
liilter. It ihmn not iiicdiide earth or atoncB, and apparently munt liave 
grown rieiir of the ground. 

About IBlIfi, on cacao from Samoa were Hubmitted to 

Ileiiiiingii, who referred ttieni, rlmibtfuUy, to HfpmmocJmele leoninci 
B. and iX In IfMlT, I^enim record,«Mi it again from Samoa, and referred 
it to Hipmntwhmte mxm Burk., anparentiy on the authority of 
lleiiriingii. It liiw iitic?6 been recorcied under the tmnie name from 
the F^'leriited Malay Blato, davit, and Went Africa, 

Tliiil the friiclifiriition of the Brown Rtmt diBcmae of Ceylon iB 
a Foiling waa cletemiiiiiiil in 1917, and ainee that year it hm been 
re{«mfe<lly verifiwi The ideritification of the hnms m Fames 
hmmmmk Miirr. i« due to Mr, (X (i, liovd. Whether the Brown 
Itool diBcaaeii of other coiinlrieii are tmiimf by the same fungua can 
Im tit»lly ileritled only by Ilit diacctvery of the friiotifioation m each 
eaMf. The tinaii# of the pibiii of Fmms k'lmmmw m composed of 
iiyphiii! of Iwo littijs, the one ihin-wallw^l and yallowdirown, and the 



The ttj»pr«nt flymmmkaatM which occur at the 

collar of pianta attacked are uauaily atnall flat ^atea eomtaased of 
ititcrwovctt hyphae with a few proj^ing aetae. TTie powdery brown 
pat«;hiw. which are (sometiinea found on the black crust on the roots, 
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the latter m at IJpsala. Lloyd publiBhed \m fiiuling in November 
1912 , but as far an publication of the combination Fotm*^ Ugnostm 
is concerned he was antedated by Bresadola in the previous month. 
According to Idoyd, Fonm Autherianm, Ftmum emtlmclm, and Fomm 
Kamphoveneri are synonyms of Fotnes Hgnosm. 

Fames lueidus (Leys.) Fr.— The appearance of roots attackcMl by 
Fonm lucidm in Ceylon, e,g, those of lAmonia alula, diffare considerably 
from that described. No external strands of mycelium were found 
on the root, the bark of which was in places blackened and bore minute 
white noduleB composed of hyphae. Between the bark and the wockI 
there was a thin white layer of mycelium, and the wckkI was fillM 
with white hyphae. The diseased wood readily split into concentric 
sheets, and in some places these sheets were separated by thin, rad 
films which turned pale brown when dry. 

Polyporm interrupltis B. and Br.-™'^he cords of the Thread Blights 
are composed chiefly of very thick-walled or solid hyphae, and are 
thereby distinguished from the mycelium of Pdi/pofm ifUerru^Mm, 
in which the hyphae are normal in structure. 

Irpex submnoim (B. and Br.) Petch.~Thi» was originally dwribad 
from Ceylon by Berkeley and Broome as Eyimm i^bmmum. The 
name was based on the colour of the dried specimen. 

Armillwria melka VahL— It would appear m«t probable that the 
Javan species is identical with the 'Ceylon Armilkmm'fmmpm. 

RMzodmm sp. (p. 178).~The hTOhae tmm a network on the 
rootlets, and are yeuow-broim, r^kr, about 6 ^ diameter, thick- 
walM. 


CHAPTER VIII 


I’UNGI ON THE TEA BUSH 
Basidiomyoetae 

a mellea Vahl. — Clustered. Pileus up to 12 cm. diameter, 
rical, then nearly plane, centre depressed or slightly umbonate, 
m or brownish yellow, sprinkled with minute, spreading, 
wn scales, margin striate ; flesh thin, except in the centre, 
to 20 cm. high, 1 cm. diameter, usually thickened at the 
^ ochraceous, floccose, stuffed, then hollow ; ring spreading, 
ills rather distant, narrow, adnate or slightly decurrent, 
Decoming reddish. Spores white, elliptical, 9 x 5-6 /x. 
la/riafmcipes Fetch. — Clustered. Pileus up to 6 cm. diameter, 
convex, then plane, obtusely umbonate, margin recurved, 

: yellow-brown in the centre, becoming white towards the 
bearing minute, distant, brown warts in the centre ; flesh 
te, becoming brownish when cut. Stalk up to 10 cm. long, 
liameter at the base, attenuated upwards, blackish brown, 
becoming paler upwards, longitudiMlly striate and reddish 
.e ring, solid ; ring ample, dependent. Gills white, rather 
nan:ow, attenuated outwards, decurrent. Spores white, 
globose, smooth, 6-8 x 5-7 /x. Rhkomorphs red, beceming 

smim equiorinis Mull.— Pileus up to 8 mm. diameter, hemi- 
, umbihcate, deeply radially sulcate, .somewhat membranous, 
•own, red-brown, or ochraceous, with a minute black umbo 
ise of the umbilicus ; gills distant, five to eight, white then 
loured, broad, attenuated behind, united into a collar round 
: ; stalk black, shining, up to 2 cm. lo:^, 0-26 mm. diameter, 
s, or arising from black, shining, rhi^morphic mycelium ; 
bite, narrow-oval, inequilateral, or clavate, 10-14 x 4 
^sndm puhher (B. and Br.) Fetch. — Sessile, resupinate or 
attached, or shortly stalked, remform or orbicular, up to 
diameter, white, convex, sulcate over the gflls, minutely 
, lower surface and gills ochraceous. Gilts few, sometimes 
me to three extending from the point of attachment to the 
mth three or four shorter. Spores white, cymbiform, 6-8 x 4 /x. 
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Poh/pams mlerruplm B. aiul iir. KfTuKcd, forniinjf thin, indefinite, 
white sheete with a narrow, white, tonunitoHe margin, KometimeH 
prfiducing nmall wdiite braeketa, up to 3 cm. long, 1 cm. broad, at 
the upper edge. Upper Hurface of the bracketa white, tomentoKc, or 
radially fibrilloHe. Jh)re.s Hoft, watery, with thick diHB(!pitnentH whii-h 
become thin on drying, minute, angular when dry, up ti> 2 mrn. long. 
Basal layer of the resupinate form a thin weft of hypliae, almoBt 
absent. 

Folyporns memlal'pae. Lloyd. — Centrally stalked, with a tiiick stem. 
Stem up to 10 cm. high and 0 cm. diameter ; pileim up tn 40 x 20 cm., 
and 10 cm. thick, usually tuberculate and lobtsd, depresmnl in the 
centre, sometimes turbinate. At first white, l)ecoming deej) cliotuilate ; 
surface minutely velvety, with a thin, black, {;ni8taceous layer beneath. 
Stalk deep chocolate-brown, minutely velvety, becoming glabmus, 
black, and carbonaceous when old. Context white ami watery when 
fresh, turning red when cut ; when dry, brownish grey, soft atul sfsmgy, 
radially flocco8f)-fibrillo8e. The whole fungus tunis blackislt brown 
if ha.ndled in the white stage. Pores minute, watery when fresh, 
forming a distinct layer, about 2 mm. deep. 

Poria hypokUeritia Berk.— Bffuseti, pinkish or pale r«l, with a 
white tomentose margin at first. Internally white, the extreme basal 
layer red or red-brown, homy. Form medium, up to 0-2 mm. diameter, 
angular, dissepiments thin. Total thicknsts almut 1 mm. 

Pom hypobrunnea Fetch.— -Effused, at first pale (xjhraceous, then 
pinkish red, bea)ming brownish red, and finally siate-colourwi ; 
margin at first white, tomentose. Basal layer blackish brown, stout 
and compact when developed on a level surface, but Iwwe and woolly 
when on an irregular surface or on soil. Thickness of the compact 
form about 1-6 mm. Form small, O-I mm. diameter. 

Fames applanatus Fers.— -Bracket-shaped, flat or slightly convex, 
usually up to a foot in diameter, brown with grey zones, not jsdisWl, 
the uoper layer forming a hard mist ; lower surface white ; in section, 
dark brown, fibrous amwe, with a thick layer of kmg tubes Imlow. 

Fames hmdm (Leys.) Fr.y-Biacket - shaped, several inches in 
diameter and about an inch thick ; upper sumce at firat r«l or rcfl- 
brown behind, with a white mar^n an intermediate yellow zone, 
becoming entirely red or red-brown or chestnut, lacquered, shining ; 
lower surface white, usually with a shining, deep red, or almost black 
zone akmg the line of iri^admamt to iJie host jJant ; internally bmwn. 

Fames Jmmems MurriU.— Bracket-shaped, rather thin, hard, 
frequmtly concentrically grooved, purple-brown, glabrous, with a 
hard onto crust ; internaly ratiher %ht yellow-brown, often with 
concentacio growrfi zones, oomp(»ed of two kinds of hyphte, the one 
thin-walled, rfie other thick-walled and resembling the setae. Fore 
srurfaoe dark brown or purple-brown ; porea minute ; setae numerous, 
obtuse; spores hyalim 

Fames h^wsus Klotedh.— -Bracket-shaped, woody, imbrioated ; 
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I'lileiiH diriii'cliiita, Iiirgi% rccidirciwn with a yellow margin, at firBt^ 

bwoiiiiiig pull" yellow-hrowri with c*oncentric dark brown linen, ernooth, | 

fiadily wilriifi*, Hliglitly nilky with aclpreBBed fibriln ; pore nurface 

ririiiigi% beroiiiifig rwl-brown wlmi old ; context white, pore layer 

red“hrowii in iica*tioii ; imren minute, ()-06"0'12 mm. diameter, 2-r>»3‘5 

nun. long. 

Trumrim Tkm* Zirrim.- Adnate, thin, irregularly circular, flat, ; 

sordid yf»llow, iiiiirgin nterile ; fKireji rounded, O-lfljnm. diameter, 

(kfii kilim Miflfmmkdm fi and Hr. --Thin, effused, frequently 
purroiifidiiig Htems iiml brtiricheii for a considerable distance, rosequrik 
or oclirficemw, miiiiitely pulverulent, firmlly cracked and areolated ; 
biisitlii cliiviit#, tetrii«|M>rou« ; aterigmata slender, 4-6 fi long ; spores 
pyriform, liyiiline, apiciilate, 9-12 x6-7 fi. 

(hrileium flmm BerriarcL--'Ehia;oinc)rphs pinkish, more or less 
bniiiclied and iinastomosing, on branches; hyrnenium on the under 
mrfmm of the kmves, pulverulent. Basklia 20-25 x 6-8 /x, not crow(,led ; 
nimrm elliptic, hyaline, smooth, 7-9 x 5-7 

Irjm imimem Fetch. -Dirnidiati.^, resupinate behind, often im- 

bricmt«l,, Filei orlacular, elongated, or flabelliforrn, up to 2 cm. 
wide, thin, coriaceous. lJp{>ar surface red-brown to ochraceous, 
often, ramal when moist, minutely tomentose, railiaily fasciato- 
Higoie ; context white or pule yellow ; hyrnenium pale ochraceous ; 
iiciilei up to 4 nun. long, triangular, flattemK'l. Irjmx zomtm Berk,, 
in Fungi of C.V.ylon, No. 553. 

lri»\t mihnnmuM (B. and Br.) Fetch .--llesupinate. Lavender, or 
liiui% %vith li white margin, becoming grey, than pale brown, when 
old. Hterile mnrgiii usiially broad, fimbriate. Teeth terete, or more 
iiMiiiilly tliitteiied, up to 4 rnm. long, appearing tomentose. Basal 
liiyiir m^oolly, iipfiimritig piwdcry ; hyphae with free clavate ends. 

Biisiiliii short, cliivate, afioiit 15 /x long. Cystidia scanty, oval or 
sotiictitiics i:ioiistriet4iil towards the apex, slightly longer 
tliiui the biisidifi. 

Emhmidimm pemm$ SmU concave on the upper surface, 

roiivci below ; liytiieiiitim chiefly hy|a>phyllou8, white, tomentoie. 

Foiiidiis titie^wfptiite, hyaline, 1241 x 4'5»6 ft, narrow-oval, solitary; 
rotiklioplitires ritiifik, Busidia cdavate, *-10-90x3*7-6 /x, two-sporad ; 
sjaircM liya!iiii% elliptical, contiriuoufi, 74S4i x2*3-4*5 ft. 

EfdmMiflifim rriktd4ihim Ito and Bawada.--'-8pote scattertxl, diiiise, 

2-*l mm ilkiiietef, yellowish, then brown to dark brown, finally drj^ing 
iiitd Hyitteniiiiii hyfaiphyliouii,fttieiiIatoI,^whito. Biisidk 

cy^liiifiririerliivtite,' I0Cbi:!^x34 ft. lkiidios|K»reii' oblong- 
oviitr, hlmtgki or ulightly curv»l, hyaline, continuous, 0-12 x 34*5 ft. , 

Two celiwl tiawdio»|s»reii aki pwsent. 
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hyaline, subsessile, finely guttulate, 9-15 /x ; basidia easily detached, 
cylindric, truncate below, subacute above, straight or slightly curved, 
hyaline, l-b-septate, 52-81 x4-<i /x ; sterigmata 4-12 /x long ; spores 
hyaline, oblong to obovoid, curvecl, 18-22 x 3-6 /x, germinating with 
short tubes and producing sporidia similar to the basidiospores, 

1 1-15 X 3-5 ja. 

Helicobasidium Tanakae Miyabe. — Up to 10 cm. diameter, flat, 
lichenous, 1 mm. thick, surface velvety, brownish, pale puri>le-brown, 
or dark brown, with a narrow, thin, greyish margin ; hyphae amber- 
coloured, thick-walled, 3-5 /x diameter ; protobasidia not formed ; 
basidia at first clavate, unicellular, hyaline, but when mature sub- 
fusoid, 2-4-8eptate, straight or curved, 49-65 x 8-9 /x ; sterigmata 
long, curved, 35-63 x3-6-4 /x, apical from the terminal cell, lateral 
from the others ; spores hyaline, continuous, long-falcate, obtuse, 
27-40 X 4-6 /X, producing hyphae on gcnnination. 

Pyrbnomycbtab 

ProUmyces Theae 2Smm. — Mycelium thii^k-walled, external and 
internal. Asci within the root, usually in group, lateral or terminal, 
irregularly globose, 0'14-0'22 mra. duameter, thick- walled, yellow ; 
spores not seen. 

Zukdia Thme Saw.— -l*erithecia black, globose, 67-135 diameter ; 
subiculum black, hyphae at first pie, later browniA, 3-6 ft diameter ; 
perithecia numerous, surrounded by 6-9 dark brown, blunt, 3-6-8eptate 
setae, 70-100 x 4 /x ; asci 8-spored, clavate, furifom, x 13-16 /a ; 
spores hyaline, obovate-elliptic to clavate, three-septate, 17-23 x 6-7 fi. 

Zuhma mntoenm Saw. — Epphyllous, sometime also hy^ 
phyUous, lichenous, spreading over an area 2-5 mm. broad, clcwely 
coalescent; hyphae imi^nous, thick-walled, 8 /x diameter, septate 
and sparsely nitnished with hyphtmodia, which are oblong, rounded 
at the apex, usually on a stalk 18-25 /x long. Pycnidia and prithecia 
orbbular, black, generally s«fstle, somerimes on stalks 18-25 ja long ; 
pycnidia 63-95 p., oonteaning numerous pycnmipore*; pycnospores 
pale brown, eUipiwid to oblong, smooth, continuous, two-guttukte, 
6-8 X 8-4 Hi pritbecia 182-1®) y. diameter, wite numerous asci ; 
asci oblong-clavate or ovoid-obloi^, shortly pedicellate, ekht-spoted, 
33-49x10-12 Hi asoospores obl^ to suwilavate, medially 
^ptate, hyaline, ends obtuse mr truncate, 9-13 x 3'5-5 /x. 

Limmmda Them Syd. and Butl — ^Mycdiium black, efltnwd, 
crustaceo-nwanbranaoeous, genoradly covering the upper surface of 
the leaf, composed of septate, bmoous hyphae, some repent, about 
0 H diameter, wd fumisned with simple, acute, black setae, up to 
180 H kng and 8 ^ diamete Wow, others erect, 10 h diameter, and 
bmiohed ; ooiudm (Ttrposforiim) steUatey four-rayed ; wenidia 
erect, dimorphic, some up to ®)0 /a high, cylindric, inflatea in tike 
middk to ^ /x dkanete, attenuated above, olhew broadly cyltote. 
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^nd 30 /X diameter ; pycnospores cylindric, straight, 
Us, 2*5-3 X 1*5 /X ; perithecia superficial, globose then 
te, 150-225 {x diameter ; asci subsessile, ovoid, eight- 
long, ends rounded, hyaline, muriform, generally with 
pta and one longitudinal, 25-33 x 9-11 fx. 
ta Saw. — ^Mycelium black, on the upper surface of 
bimes on the lower surfaces and twigs. Perithecial 
-ce or twice branched, usually conical, cylindric, 
bio, 110-247x52-75 fi, constricted at the apex and 
perithecia ; perithecia black, nearly ovate or or- 
50-78 fx, containing numerous asci ; asci clavate, 
12 fjL, six- or eight-spored ; spores fusiform, to clavate- 
liyaline, three-septate, 10-11*5 x 3-3*5 jtx. 

^elliae Syd. and Butl. — ^Perithecia epiphyllous, mem- 
* composed of radiating hyphae, dehiscing stellately, 
sber, clustered and confluent in groups and forming 
to 1 cm. wide ; asci few, elliptico-obovate, eight- 
25-35 fx ; spores elhpsoid, ends rounded, centrally 
►tricted at the septum, brown, 30-33 x 16 /u. 
yamelliae (Cooke) BMilex — Laestadia Theae Rac. — 
mded, brown, becoming grey ; perithecia globose, 

, amphigenous, up to 250 fx diameter ; asci elongate- 
-9 /X, eight-spored ; spores elliptic, hyaline, continuous, 

neglectus Petch (^Physalospora neglects Petch). — 
)-3 mm. diameter, black, globose, gregarious, immersed; 
3e, 0*08 mm. diameter, 0*08-0*12 mm. high, projecting ; 
in hyaline parenchymatous tissue, 140-160 x 35 /x, 
ailed at first, eight-spored, spores biseriate ; spores 
ailed, inequilateral, cymbiform, 32-40 x 12-16 fx. 
juata Petch. — ^Perithecia gregarious, at first embedded 
i mycelium, black, superficial, globose, slightly de- 
xnm. diameter, smooth ; ostiolum conical, 0*1 mm. 
iameter at the base. .Asci about 300 x 8 /x, cylindric, 
ores obliquely uniseriate ; paraphyses filiform, 2 /x 
mg as the ascus. Spores black, cymbiform, ends 
t&n abruptly narrowed, 40-47 x 5-7 jx. Conidiophores 
am. high, 0*1 mm. diameter, black, compound, of the 
; oonidia hyaline, narrow-oval, 4-6 x 2 /x. 

’modes B. and Br.— -Perithecia gregarious, embedded at 
>rovm mycelium, superficial, feownish-hlack, globose, 
diameter, verrucose with close-set pyramidar warts ; 
mes papillate, sometimes not elevated. Spores cymbi- 
ate, ends acute and produced into a thread-like point 
, black-brown, 80-110 X 7-12 jLx. 

dia Theae K. Hara. — ^Spots orbicular or irregularly 
cn. diameter, .finally confluent, dark brown, becoming 
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grey ; perithecia cpiphylloiia, immerae*!, oBtioIum finally crumpcnt, 
gregarious, black, globose or depressed globose, 50-160 /a diameter; 
wall carbonaceous, parenchymatous, of polygonal cells, 3-8 /a broad ; 
ostiolum papillate ; asci cylindrico-clavate or oblong-ovoi<l, eight- 
spored, pedicellate, 30-42 x 0-8 /a ; ascospores biseriate, cylindric or 
oblong-ovoid, ends subobtuse, one-septate, not constrictecl, the iipper 
cell the broader and shorter, hyaline, 10-13x2-2-6 /a. Parasitic on 
leaves of tea, Japan. 

Spots first appear on the surface of the leaves as small, round, 
dark-coloured areas 1 mm. across, which gradually enlarge fonning 
irregular patches 3-4 mm. in diameter, and later becoming confluent, 
forming large, irregular, dead areas extending towards the leaf margin. 
Such areas are dark-coloure<l brownish grey and develop abundant 
black minute specks on the upper surface, while the lower surface 
remains a dark brown colour. 

Mycosphaerdla Ikedai K. Kara. — Perithecia amphigenous, usually 
hypophyllous, scattered or gregarious, immersed, globose or depressed 
globose, 60-80 fi diameter, wall parenchymatous of cells 5-8 /a broad, 
carbonaceous, ostiolum papillate or simple ; asci obovoid or oblong, 
pedicellate or sessile, eight-spored, 40-46 x 8-12 /x ; asewpores tn- 
seriate or irregularly polyseriate, oblong-ovoid or eylindrie, one- 
septate, deeply constricted, the upper cell usually the broader and 
shorter, hyaline, 13-16x6-6-5 /a. On leav^ of t^; saprophyric. 
Japan. 

Ventnria Speseknemi Sacc. (»Colb-oa 
Perithecia gr^arious, subf^obose, cupuMftmn, ochraceous, at nrat 
subepidermal, then subsuj^rtloial, epipbyllous, lOO-lSO p. diameter, 
60-80 /A high, clothed with fiexucwe, septate, fulipnous setae, 
60-60 x 6-6 fi. Asci clavate, 30-40x8-10 ft, eight-sporw. No para- 
physes. S;pr«3 oblong-oval, pde greenish, 14 x 8 /a. 

Phaeoa^mreUa Them Peteh. — Perithecia immersed, epiphyllous, 
black, minute, 80-100 a diameter; asci few, eight-sporc<l, clavate, 
60 X 12 a; sporai fusoid, one-septe.te, constrict^ at the septum, 
pale brown, the upper cell the larger and rounded at the ajtex, the 
lower somewhat oMom and obtuse at the apex, 9-14 x 4-5 fi. 

Massana theicola retch. — P®rith«!ia gregarious, immersed, black, 
0-26-0-3 mm. diameter; asd nanw-c;^maric, eight-spnetl, sfwrat 
obliquely uniseriate, 120-160 x ^ /a ; jmraphyses few, septate ; sjmfes 
ivarrow-oval, two-septate, olivaceous, the central cell darker than the 
terminal cdls, 17-22 x 6 ja. 

Phoepora Thme Speedhnew. — Perithecia (?). Ascosjwres biseriate, 
dark brown, with two to three or more transverac septa and two 
lon^tirdinsd septa, 24-28 x 8-10 ft. Oonidial stage, Miurmfmrmtn 
Gorrmum Rabh. var. theieokm Speschnew.—conidbphores cluster^], 
radiating, 60-90^ high, 3-4 ja diameter ; conidia rauriform, 24-28 x 10 ia. 

Usmim zomta Lhv . — Steoma effused, undulating, centrally 
attached, often ooncmtrioally zemed, thin, several centimetres in 
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; Ht JirKi white, bearing crowded, ainipla conidiophores in 
a Htratiitu, with narrow-oval, hyaline conidia, 6-8 x 2-3 ; 

hccfoniiig grecnisli, then |)urple-|r6y, dotted with black ostiola, 
fituiliy black bjkI brittle. Perithecia globoae, about I mm. diameter, 
dintant, ostiolii »M»rt?e!y projecting; aaci cylindric, long-stalked, 
f*ight Hj«»r«4l, 2F>0 X 10 /t ; H{>orw black-brown, cymbiform, ends 
obtim*, ;iO-3H X 0-13 {i. 
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and almost free, (JO-HO fi. Spores oblong- ellipsoid, continuous, 
hyaline, contents granular, 16-18x3-4 fi. Basulia filiform, short, 
inconspicuous. 

Macfrofhoma tfmicola Fetch.- Pycnidia immersed, scattered or 
clustered, elevating and cracking the outer layers of the corte.’c ir- 
regularly when mature, up to 0-25 mm. diameter, black, thin-wallcd ; 
ostiolum 16-25 fji, diameter, not projecting; spores narrow-oval or 
fusoid, ends obtuse or subtruncate, hyaline, continuous, 27-32 x5-7 /x. 

Chadophoma Penzigi Sacc. var. thekoUi Speschnew. — Fycnidia 
dark brown, leathery, globose, somewhat produced above, on a thick 
weft of greyish olive mycelium, clothed with stout, dark chestnut- 
coloured setae, 60-70 ja long. Fyenospores hyaline, cylindrie with 
rounded ends, one-septate (ex Speschnew’s figure), 8-14 x2-3 [i. 

NeoUiospora Thexie Sawada. - SiMits epiphyllous, irregular, ashy to 
brown ; margin definite, elevated, purplish black ; pycnidia scattered, 
subepidermai, black, depressed gloDose to spheroid, 84-93 x 108-135 ft, 
ostiolum erumpent ; spores cylindrie, hyaline, continuous, ends 
rounded or obtuse, ciliato at one end, 12-14 x 3 ft : setae filamentous, 
9-11 ft long. Occurs rarely on mature leaves in Formosa, and domi 
not appear to cause serious damage. 

Botryodiplodia Theobromae Fat.— -Pycnidia immersed, scattered or 
clustered, or in erumpent ^brous or villous stromata, glob<»«, 
0-26-0-4 mm. diameter. Paraphysm numerous, linear, up to 80 
long. Spores oval, one-septate, fuhmnous to black or black-brown, 
24-30 X 12-15 /X. 

Stagnoapora theicola Fetch. — ^PycnaJia minute, g;^;ariou8, imm^sed, 
black, about 0-1 mm. diametor ; spores tihree-septate, greenish hyaline, 
oblong, ends rounded, straight or slkhtly ciurved, 15-17 xH ft. On 
leaves of tea, with Cfuignardia OameUiae (Oke.) Butler and CotMo- 
trichum OameUiae Mass. 

Hendmowia Omcola Cooke. — ^Pycnidia ^lotx^, black, prominent, 
ostiolate, scattered or suhgr^arious, amphigenous ; simres cylindrie, 
ends rounded, triseptate, pale brown, the terminal cells sometimes 
paler, 10-12-6 u long, on long, hytdine pedicels. 

S Uma Them wiv.— Pycnim wiiMy open when mature ; spores 
, ic, obscurely septate, iexuoee, Wntiy coloured, 60-90 x 2 /«, 
Piggotia Theae New.— Sj^rts diy, irr^ulat, marginal, visible on 
both sid^ of the leaf, bounded on fhe upper bv a black line. Pycnidia 
amphigenous, modewitely diusteted, bl^, dMiscing irr^^arly, thin- 
waUed, parffluchymatous, 78 u diameter. 8por«t cylincme, straight, 
ends rounded, subtnmoate, bluish green, 15-13 x 2 ju.. 

THawtia Them Cav, — I^cmidia scattered, superficial, flattened, 
black, rugulo^, ostiolum prommfflit Spot^ cylindrie, slighWy 
curved, obtuse, obUquely unk^te at each three-septate, terminal 
loouh hyaline, meiUan loculi greenish, 18-^ x 2-3 ft, setae 6*8 ft. 
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Meuanconiaokab 

ilhH'mixwbuH Them - nitwnitis Miyake. •— A^cervuli epiphyllouR, 
watlemi. hliic'k, anhepideniial then enimpent, 80-120 /* diameter; 
hiJHidiu hyjiiiiie. ehurt. liiienr, lO-Hi x l-l-fi /x ; spores hyaline, fusoid 
or oval, •‘tids ni iite, usually bi}i;uttulate, 4-0 x‘2 fi. 

(tliHimjmrintH Tltrw Zinirn. A(!ervuli amphigenons, up ts) 90 /x dia- 
iiuder ; s|«ire.H hyiiline, eylindric*, ends obtuse, continuous, 14-19 x 4-0 /x. 

i'oUrMfifhnm (Janwilitm Masses. — Sp<)tH at first yellowish, green, 
flien retl-browu (»r dark brown, sometimes mottled, with a yellow- 
green margin. Acervuli arufdugenous, pinkish ; conidia cylindric, 
ends obtuse, hyaline, continuous, 10-18 x 4-6 g ; setae black-brown, 
septate, from 66 x 4 to IfMi x 7-8 /x. 

('oUeUdrv'hum (Uirwi Kll. and Ev.- Spots brown ; acervidi epi- 
phyllous, onim{>ent, yellowish, 250-6(K) /x diameter ; setae generally 
few, arising from the base of tht* acorvulus, brown, continuous, curved, 
slightly thickened at the base, 40-80 x 3 /x ; <mnidia oblong-cylindric, 
12-16 x3’6-5 ft, ends obtusely rounded. 

PmtaUnzut Them Baw. -AcervuH ommpont ; basidia simple, 
4-9x1 ft ; conidia fusiform, four-septate, slightly constricted, three 
inner cells dark brown, 16-21 ft, basal and apica.1 cells hyaline, 4-6 /x, 
setae three or four, 28-36 x 1 -2 /x, slightly swollen at the apit«>s. 


HyPHOMYOKl'AB 

ammmrrUa Them Fetch. -Spots large, extending from the 
margin of the leaf, or ttircular, alsmt 6 nun. diameter, grey or greyish 
white, bortlensl bjr a narrow purple-brown line, on the upper surface, 
greyish brown adth a watery green border on the lower. Hyphae 
wrmiag a thin white film on the lower surface on and rf)und the spot, 
hyaline, 6 /t diairieteir, equal, sometimes united into strands ; conidio- 
phores simple t>r branched ; conidia cylindric, or fusoid, sometimes 
uietjuibilttrnl, ends obtuse or truncate, up to six-septate, not constricteci, 
61-l:«»x6.1l/t. 

Hihtmitkonimiim Theae Bern, -(hmiduiphorai erect, deep brown, 
septate, 3rK»-36(» x 10-12 ft; conidia olxdavate-pyriform, 3-4-septate, 
attenuatwl and acute above, the two lower loculi brown, the upper 
much narrower and snbhyaline, 20-22 x 7-8 /*. 

ymieMium Them k. Ham. AcervuU amphigenous, velvety, 
blac’k ; couidiophores filiform, straight or curved, thickened at the base, 
continuous to thn»»-septate, brownish below, {Mile and often crooked 
ab«ive, 40-70 x 6 g ; conidia terminal, occasionally lateral, cylindric; 
or oblong ccvate, one-septate, usually not constricted, apex obtuse, 
base somewluit. ac'iite, straight or curved, hyaline or yellowish, 
16-28 V 6-6 p. On leaves of tea, Japan. 

Cmoaima Them v. Breda de llaan.— Spots circular, at first black 
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or purple, sunken, becoming white with a swollen purple rniirgiri, 
membranous, small, up to S mm. diameter. Acarvuli minute, black, 
on either side of the leaf. Conidia elongated, up to 140 /x long, 
3-4 /X diameter, irregularly curved, hyaline, multiseptate. 

SiiUnm mnunh Massee. Total height, 0*75-1*2 nirn. Htiilk red, 
red-brown at the base, 50-80 /x diameter in the middle, 0*1 nirn, 
diameter at the base, attenuated from tlie base to about two-thirds 
its height, then slightly expanding upwards, subtranslueent, iilmost 
smooth, covered with liorizontally projecting, short., eylindric, irregu- 
larly bent cells, 8-12 /x long, 3-4 p. ciiameter. Head pink, globose, up 
to 0*3 mm. diameter. Conidia hyaline, narrow-oval, 4-6^ x 2-2*5 /x 
(redescribed from the type specimen). 

Stilbelh Theae Bemard.--Stalk red, dark red-brown at the base, 
clear orange-red above, papillate, almost smcmth, 3(X)-8(M) /x high ; 
head rose-coloured, more or \em globose, '150“3(K) /x diameter ; conklia 
hyaline, 5-7 x 2*5-4 /x. Probably identical with Htillmm mmum Mass. 

Didynmtilhe Coffem P. Henn.— Total height, up to 0*8 mm. Stalk 
white, 30 /x diameter in the middle, almost equal, slightly axpiinctel 
at the base and towards the apex ; head red, globoie or ovoid, iub- 
translucent, 60-100 g • diameter ; conidia fuaoid, somatimw in- 
equilateral, sometimes attenuated towards either end, ends acuta 
or obtuse, one end sometimes truncate, hyaline, one-septete, not 
constricted, 16-20 x 6-6 g. 

Sd^otium zeyUmictm (B. and Br.) Peteh.-‘-^lerotia produesd on 
fleecy, white, superficial patchy of Mjeelium ovtmuining plants or 
soil, white, then pale ochraoeous, or pinkish, ftnally brown, glabroui, 
globose, about 1 mm. diameter, internally white, hard., compact. 
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RoMinia, 10 

RrmdUnia uremia, ISS, 198, 207 
iimMinm bumdm, 139, 198, 207 
Mmdlinm ntyotlium, 2 
Mmdlmm rmkipirda, 198 
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Booty Mtmld, 41 
Boru», 20 

t^phmrelhi CamiUexm, 192 
Sphaeromidms, B 
^Jiaeroslilbe, repem^ 146, 199, 209 
Sporangiophons 12 
Sporangium, 12 
Spares, 4 

Bpcn'oMchum radicicalumt 2(K) 
Spray fluids, 184 
Spraying, 215 
Spraying macdiines. 182 
^iagawmpora thekola, 210 
Stem diseases, B7 
Bterigmata, 15 
mihelLa 104, 190, 212 
miBum, 0 

hiBum mnumt 19f», 190, 212 
Steokholm tar, 1 81 
BtnMUntfwM, 127, 129 
Stroma, 7, S 
Stump Eot, 111 
Stumps, jungle, ete., 128 
Sugar cane, 152, 199 
Sum, 161 

Bymflmm 154 

Tar, ooal, ISl 
Tar, Steekholm, ISl 
Tel^teipore, 20 
T§pkmia mUm, 129, 158, 174 


Threiw! Blight, 72, 194 ^ 
Thri'iad Blight, epipfiytie, 78 
Thread Blight, iiarasitii*, 72 
Tratmtm Thmte. 158, 205 
Tnie Daisy, 179 
Tmiehing, 121 
Tumj>at Kurundii, lOll 
Tun, 100 

Umphi, 104 

UredinmeMi.^ 20 
Undih 20 

tlMulina mdgarm, 198 
UMullm mnakt; 141, 198, S>H 
Utis, 104 

Variegated, limvi*, 48 
Velvet Blight, 114, IIMI 
Veniuria Kpernkmunif 47, 208 

White ante, 92 
White Cedar. IIMI 
White Stem Blight, IMl 
White Tmm. Iti 
Wohuni Ikmhmtf ISO 
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